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ABSTRACT

Ase/ O
This is the third quarterly report concerning the evaluation of design
information on electrical materials suitable for application to space
electric power systems. The program data are based upon some liter-
ature sources but the majority are based on tests completed in this
program,

Mechanical tests have shown that high-saturation materials such as iron-
cobalt are not suitable for high-stress applications at elevated tempera-
ture. The 50 Co-50 Fe material also undergoes atomic ordering at
elevated temperature, thereby increasing the coercive force. Nivco
(23 Ni - 1.1 Zr - 1. 8 Ti - Co) has the best creep properties of potential
rotor materials for temperatures in excess of 900°F,

All conductor materials have been delivered. They include clad and un-
clad construction. Several new dispersion-strengthened copper conduc-
tors have been developed as well as austenitic stainless steel-clad con-
ductors.

Weight-loss tests on insulations in vacuum have shown the importance .
of prior treatment on material performance since all samples showed
a high initial loss rate which later tapered off.

Ceramic-to-metal seals using high purity ceramics and silica-free
metalizings appear to be marginal in strength. Emphasis is now being
placed on active metal brazing methods for fabricating ceramic-to-

metal seals.
A uﬁ I~
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SECTION I

INTRODUCTION

This is the third quarterly report on magnetic, electrical conductor,
electrical insulation, and bore seal materials suitable for application

to advanced, space electric power systems. A punched card bibliography
was prepared and reported in the first quarterly report (Westinghouse
WAED 63. 16E). This bibliography now encompasses 900 references with
additions during the past quarter. It includes a keyword or descriptor
word and a number identifying various chemical, mechanical and thermo-
physical properties. The first report also defines the tests which must
be accomplished to fill-in the gaps in properties necessary for designing
advanced, space electric power systems.

The test program begun during the second quarter has continued into the
third quarter. All materials have been received with the exceptions of
a few isolated cases. Some additional material is also being processed
to clarify anomalies observed during testing.

The magnetic materials under a-c¢ and d-c tests include those for high
strength, high saturation, and "square-loop" applications. Both clad
and unclad electrical conductors suitable for vacuum, inert gas, and

air atmospheres are under evaluation. Organic and inorganic electrical
insulations in the form of flexible sheet, rigid sheet, molded shapes,
encapsulation compounds, interlaminar films and magnetic and flexible
wire coatings are under investigation. Ceramic-to-metal seals for bore
seal applications processed by metalizing or by active metal brazing are
under study in potassium, NaK, and lithium vapors. The temperature
range of interest for all materials is 500°F to 1600°F except for the or-
ganic insulation which is -65°F to 1000°F. Vacuum, inert gas, and air
represent the test atmospheres.

Three topical reports, one on magnetic materials, one on electrical in-
sulations and conductor materials, and one on bore seal materials will

be published at the end of this program. They will incorporate properties
obtained from the literature and from this program's test efforts. In re-
porting the data, curves and tables are credited to the originating source.
All data generated by this program are referenced to NAS3-4162,

A technical discussion on the third quarter's effort follows in subsequent
sections.

WAED64. 30E-1
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SECTION II

MAGNETIC MATERIALS

A, INTRODUCTION.

Selection of the magnetic materials for the present program has been
based on applications to both solid and laminated rotors where strength
is important; to motor and generator stators, electromagnetic pumps
and transformers where high induction and low losses at a reasonable
magnetizing force are desired; to d-c solenoids; and to saturable re-
actors where square-loop magnetic properties are desirable, The ma-
terials have been further selected for their elevated temperature capa-

bilities and their potential application to advanced, space electric power
systems.

B. SUMMARY OF EFFORT IN THIS QUARTER.,

During the past quarter the following mechanical and thermophysical
tests were started or completed:

1) 800°F and 1000°F fatigue tests were completed on 25 notched
bar and 24 smooth bar specimens of H-11 alloy (5Cr-1Mo-
1V-Fe)

2) 900°F, 1000°F, and 1100°F fatigue tests were completed on
22 notched bar and 32 smooth bar specimens of Nivco alloy
(23Ni-1. 1Zr-1. 8Ti-Co)

3) Elevated temperature creep tests were initiated on the fol-
lowing in air:

a) 10 Hiperco 27 /27Co-Fe) specimens
b) 18 forged Nivco specimens
c) 8 sheet Nivco transverse specimens

WAED64, 30E-2



4)

5)

6)

7

8)

d) 8 sheet H-11 transverse specimens

e) 6 forged 15 percent nickel Maraging steel
(Almar 15) specimens

f) 11 investment cast Hiperco 27 specimens

Elevated temperature creep tests were started on the fol-
lowing in argon or in vacuum:

a) 2 forged Nivco specimens (argon)

b) 3 forged Hiperco 27 specimens (vacuum)
c) 3 forged Nivco specimens (vacuum)

d) 4 forged H-11 specimens (vacuum)

Room and elevated temperature tensile tests were completed
on the following:

a) 10 forged Nivco specimens
b) 10 investment cast Hiperco 27 specimens

c) 12 sheet Cubex (3Si- Fe) longitudinal and transverse
specimens

d) 12 sheet Hiperco 50 specimens

e) 10 sheet Nivco transverse specimens

Room and elevated temperature compression tests were com-
pleted on a total of 9 sheet Cubex transverse and longitudinal

specimens.

The electrical resistivity of Supermendur (49Co-2V-Fe)
tape (0. 002 inch) was measured to 1150 °F,

Specific heat as a function of temperature was measured on
the following:

a) Hiperco 27 (forged bar)

b) Cubex (TIG welded sheet)

WAED64. 30E-3
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c) Iron - 1 percent silicon (investment cast)

d) Supermendur rolling stock

‘Magnetic testing has been completed on the following:

1)
2)
3)
4)
5)
6)
7
8)

Cubex laminations, 0. 012 inch thick

Cubex 0. 002 inch, tape-wound toroid, field annealed

Hiperco 27 Casting

Hiperco 27 laminations, 0.008 inch thick |

Hiperco 50 laminations, 0.004 and 0.008 inch thick

Nivco forging and laminations, 0.014 and 0. 025 inch thick
AMS5210 casting (1Si- Fe)

H-11 forging

Testing has been partially completed on:

1)

Cubex 0. 002 inch, tape-wound toroid, stress-relief annealed

2) Cubex 0. 006 inch lamination toroid, field annealed
3) Cubex laminations, 0. 006 inch thick
4) Supermendur 0. 002 inch, tape-wound toroid
5) Hiperco 27 laminations, 0. 004 inch thick
Material preparation:

A complete description of the material preparation was contained on pages
17 thru 20 of the Second Quarterly Report, WAED64. 14E.
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C. MECHANICAL AND THERMOPHYSICAL TEST RESULTS.

-4

i. Fatigue Testing

All completed fatigue test data are presented in Tables II-1
through II-4 and are plotted in Figures II-1 through I1I-12, As
indicated in previous reports, nearly all fatigue tests run on
this program were to be made in an air atmosphere. The de-
cision to air test the H-11 and Nivco was made when the liter-
ature failed to provide master air-atmosphere fatigue data on
both the above alloys. A large amount of inert-gas atmosphere,
fatigue data has been obtained for other alloys by Westinghouse
on the Maritime Gas Cooled Reactor Program~*. These data
showed a modest effect of atmosphere purity on the fatigue life
of various nickel and iron-base, high-temperature alloys. How-
ever, both beneficial and adverse effects of the purified test at-
mosphere on the alloys studied were noted. In general, effects
were found to be a function of grain size, alloy composition, and
test atmosphere purity. A comprehensive study like that per-
formed on the MGCR Program is beyond the scope of this pro-
gram. It was decided to obtain the best possible base-line, air-
atmosphere data from which a detailed atmosphere test program
could be planned if such data became a design necessity. Several
high-purity atmosphere tests are planned, however, to check the
alloys of interest in this program for this sensitivity, and to alert
the designer of these trends. This check had been done early

in the creep program with no significant differences observed.

An analysis of the fatigue data plots shows that the notched 1000°F
fatigue life of H-11 (Figure II-5) and the 900°F and 1000°F fatigue
life of Nivco (Figures II-8 and I11-10) are noticeably improved
(nearly equal to smooth bar data) when the cyclic or fatigue stress
is one quarter of the maximum applied stress (A = 0. 25, ratio of
maximum stress to static stress). In this situation, the stresses
acting on the sample are primarily static and tend to lessen the
effects of cyclic loading. It has been observed during creep tests
that neither Nivco nor H-11 are notch sensitive. The classic
notched-unnotched fatigue pattern existed on all other tests with
the notched materials failing at a much lower stress. This is
shown by the 800°F H-11 (Figure II-3) data in which a difference

1Wa11, F. J., "Metallurgical Development for 1500°F MGCR Gas Turbine",

Maritime Gas Cooled Reactor Project Engineering Report, Westinghouse
Electric Corp., Lester, Pa., February, 1964.
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in endurance and/or strength was observed between all the notched
and unnotched H-11 samples. These particular data on H-11 and
Nivco are presentedgraphicallyin FiguresI1-2, I11-5, IT-8 andII-10.

All fatigue specimen notch geometry was calculated to give a
stress concentration factor (K{) of three. Figure II-13 has been
included which shows a fatigue specimen mounted in a set of

bolted grips. These are then clamped in a Sonntag Model SF-1U
fatigue machine. The furnace has been removed to provide a better
view of the specimen. A thermocouple attached to the center of the
specimen records the specimen temperature.

2. Creep Testing

Creep test data for all completed tests are given in Tables II-5
through I1-10 and are plotted as creep strain-time curves in Fig-
ures 11-14 through I1-25. The two tests on Nivco forgings in an
argon atmosphere, while still incomplete, indicate that air may
have a deleterious effect at 1600° and perhaps at 1400°F, These
temperatures, though, are well above the maximum-use temper-
atures of the alloy. New tests are being made at 900°F and 1100°F
because stresses above the yield strength were found necessary
to produce the 0.2 and 0. 4 percent creep strain in 1000 hours;
creep testing above the yield strength introduces scatter not en-
countered when testing at stresses below the yield strength. In
general, these creep data would favor forged Nivco over all other
solid rotor materials at temperatures of 900°F and above. Creep
data obtained on other programs would suggest H-11 to 800°F2,

All creep data obtained on this and other programs will be inte-
grated with magnetic properties in the final topical reports to be
prepared at the end of the present program.

Initial creep data (see Table I1I-9 and Figures 11-22, 23, and 24)
on sheet Nivco (0. 025" thick) were disappointing. It was found
the 0. 2 and 0. 4 percent creep strains could be produced in 0. 025
inch thick transverse sheet specimens of Nivco alloy at stresses
which were much lower than that required to produce equivalent

21963 Annual SPUR Generator Development Report, WAED 64. 2E, Westing-
house Electric Corp., Aerospace Electrical Division, Lima, Ohio, Pre-
pared for the AiResearch Mfg., Co., Division of the Garrett Corp. under
Contract No. AF33(657)10922,
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deformations in forged-bar samples. The creep data for the two
forms of this alloy are compared in a Larson-Miller plot in Fig-
ure II-26.

It was reasonable to assume that the low creep strength of the
sheet Nivco was somehow connected with the cold finishing opera-
tion used on Nivco sheet after solution annealing.

Shop practice for making magnetic alloy sheet usually requires

the materials to be cold finished. The Nivco used for this program
was bought in the cold finished condition. Initially, the Nivco rolling
ing stock consisted of 1 inch thick sheet bar which had been forged
from a 5 x 5 square and was subsequently hot rolled to 0. 100 inch.
After hot rolling, the material was water quenched from 1725°F
and cold rolled with successive re-solution anneals to near the de-
sired finish size. Final processing consisted of one final anneal,

a water quench, a pickling treatment and the cold finishing pro-
cess. Test samples were cut, rough machined, aged in dry hydro-
gen at 1225°F for 25 hours, finish machined, and tested.

A comparison of all the tensile (Tables II-11, I1I-12) and creep
data for both sheet and forged Nivco (Tables I1I-5, 1I-6, 1I-9)
shows the large disparity between the tensile and short-time
creep data for the sheet materials. The sheet possessed ex-
tremely good transverse yield and tensile strength, but extremely
poor creep strength. The fact that creep is a function of the
fourth power of the stress for any given temperature makes the
high-creep rates difficult to understand. However, these data
can probably be rationalized in a qualitative manner as follows:

It is known that all materials have different deformation mechan-
isms which are operative over certain ranges of strain rates and
at any particular temperature. When a material is cold finished,
large amounts of energy are '"locked" into those deformation sys-
tems which are normally operative at the relatively high-strain
rates used for cold rolling. Since there are now certain specific
areas of the bulk material at a fairly high level of retained energy,
the strengthening phase will precipitate preferentially in those
areas leaving other areas of lower retained energy depleted of
strengthening phase. It is these '"other areas' that probably com-
prise the operative deformation mechanisms during slow strain-
ing processes such as creep. Since these other areas are poor

in the strengthening phase, there is only token resistance to the
passage or movement of dislocations and other lattice defects re-
sulting in abnormally high creep rates.

The solution to the problem of high creep rate in Nivco sheet ap-
pears obvious. Reheat treat the sheet in pure dry hydrogen after
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the cold finishing operation at atemperature (1900 °F) which will cause
recrystallization of the material and the elimination of high
energy areas. Several test samples are being reheat treated at
this writing to test the validity of the foregoing rationalization.
The reheat treated test samples will be creep tested at stresses
close to those used on longitudinal bar samples of Nivco alloy.

The balance of the creep data presented in this report is fairly
straight forward and does not require further explanation at this
time. Detailed analysis of all creep data is in progress and will
be presented with several types of design type curves in the final
topical reports.

Figure II-27 shows a typical creep specimen with extensometer
attached in an air creep machine ready for heating and loading.

3. Tensile Testing

Tensile data for tests completed during this period are given in
Tables II-11 through I1-13.

The arrangement for making tension tests at elevated tempera-
tures is shown in Figure II-28. An extensometer attached direct-
ly to the specimen gage length is used for reproducing the stress-
strain curve.

4, Electrical Resistivity Testing

Electrical resistivity data for 0, 002 inch Supermendur tape (field
annealed) are given in Tables II-14 and II-15. Because room
temperature measurements had shown that the resistivity of the
ribbon might vary as much as three percent from the end of the
reel to the center, complete tests were made on specimens from
both locations. The change in resistivity with temperature was
found to be essentially the same in both. The specimen was wound
on a quartz mandrel in the same way that the wire specimen shown
in Figure II-29 was made. All resistivity tests were made at a
pressure in the 10-6 torr range.

5. Specific Heat Measurements

Specific heat data for Hiperco 27, Cubex, 1% silicon iron, and

Supermendur alloys are plotted in Figures II-30 to II-33 respectively.

The curve for Hiperco 27 shows that the specific heat increases
gradually up to about 1100°F, then increases rapidly; the other
three materials exhibit a constant specific heat up to about 700°F
and then show a rapid increase. The inflection points on these
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curves are indicative of changes occurring within the alloy. In
the case of Supermendur, 750°F corresponds to the order-dis-
order temperature of the alloy. The change in the slope of the
curves for the other alloys have not been explained.

Oxidation is prevented by sealing the specific heat specimens

in evacuated quartz capsules. During normal testing, the speci-
men temperature is measured with a platinum-rhodium thermo-
couple mounted in a quartz well which is inserted halfway down
the center of the specimen. A specimen in an evacuated quartz
tube with the thermocouple in the well is shown in Figure I1I-34.
Since quartz is not as good a heat conductor as the metal speci-
men, it was necessary to determine the difference in tempera-
ture between the quartz well and the specimen. To do this, a
1/16 inch diameter hole was drilled in a copper specimen to with-
in 3/16 inch of the quartz well, and thermocouples were positioned
in both the specimen and the quartz well. Temperatures were re-
corded at both locations as the specimen was taken through a com-
plete test. The quartz cover on the bottom of the specimen was
left out in the test to facilitate the placement of the thermocouple
in the specimen. The results show that the temperatures in the
quartz well and in the specimenwerewithin 1% except at 1500°F
where they differ by about 1.5%. This means that the thermo-
couple in the quartz well measures the specimen temperature

with good accuracy over the entire testing temperature range.
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D. MAGNETIC TEST RESULTS.

A considerable amount of test data has been collected and is currently
being analyzed. Examples of these data will be presented and discussed
for solid rings of AMS 5210 (1% Si- Fe), H-11, and Nivco (Figures II-35,
36, 37 and Table II-16) and ring laminations of Hiperco 27, Hiperco 50,
and Cubex (Figures I1I-38, 39, 40 and Tables II-16, 17, 18, 19).

The magnetic properties of all materials tested follow the pattern ex-
pected at high temperatures, i.e. as the temperature increases, the mag-
netization curves rise more quickly at lower fields, and then flatten out
and saturate at lower inductions. In addition, coercive force, residual
induction, and core losses decrease with increasing temperature.

Exposure to high temperatures brought about structural changes in some
materials. In Nivco (Table II-16) and H-11 steel (Figure II-37) where
precipitation of one or several new phases makes a major contribution

to high temperature strength, changes in room temperature properties
were observed after the samples had been exposed to 1400°F or 1100°F
respectively. This occurs at high temperatures when the precipitates

go back into solution thus removing the obstacles to the movement of
domain walls, as well as decreasing the amount of non-magnetic substance
in the alloy. As a result, the coercive force decreased and the high-field
induction increased. Both Nivco and H-11 steel also show a considerable
decrease in the coercive force at high temperatures. At 1400°F the co-
ercive force of Nivco decreased by over 250%; at that temperature the
high-field induction of Nivco decreased by only 18%. Unfortunately, the
dissolution of precipitates affects the mechanical strength, hence both
magnetic and mechanical properties will have to be considered for a
complete evaluation of the merits of high-temperature structural changes.

Of the cobalt iron alloys, Hiperco 50 (Tables II-16 and I1-17) shows a
considerable increase in the room temperature coercive force after ex-
posure to 1400°F, This may be associated with the strain or with a new
arrangement in the atom positions, both brought about by an atomic-
ordering reaction which for 50% Co-Fe occurs at temperatures up to
1350°F. The ordering region does not extend to 27% cobalt iron (Figures
I1-38 and II-39, Table II-18); this alloy shows a considerable decrease
in room temperature coercive force after exposure to 1400°F, This
could have been brought about by strain relief effects of the high-temper-
ature anneal. The strain relief also appears to be responsible for the
slight improvement of the room temperature coercive force of Cubex
(Figure I1-40) and AMS 5210 (Figures II-35 and II-36) after exposure

to 1100°F,

Both Hiperco 27 (Table I1I-18) and Hiperco 50 (Table II-17) show a de-
crease in core loss for various frequencies at temperatures up to 800-
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1100°F but a large increase at 1400°F., After exposure to 1400°F, room
temperature core loss shows a large increase at all frequencies over
the original room temperature losses. From the improvement in d-c
room temperature properties, and the marked deterioration in the core
loss, it may be concluded that the interlaminar insulation on these sam-
ples had broken down at the elevated temperature. This conclusion will
be checked by additional tests. Cubex (Table II-19) core losses de-
creased with increasing temperatures as expected.

It may be of interest from the application standpoint to mention that at
1100°F and in a field of 300 oersteds, Hiperco 50 laminations reached a
flux density of 21. 4 kilogausses, AMS 5210 casting reached about 17, 2
kilogausses and H-11 and Nivco forgings 14 and 11 kilogausses, respective-
ly. At 1400°F, a temperature at which iron and its alloys (except cobalt-
iron) are non-magnetic, Hiperco 27 and Hiperco 50 reached an induction

of 18 and 18. 5 kilogausses respectively and Nivco that of about 10 kilo-
gausses, all in a field of 300 oersteds.
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TABLE II-1.

Test: ASTM STP91 - Frequency 3600 cpm

800° and 1000°F Fatigue Test Data For H-11
Unnotched Specimens in Air
See Figures II-1, 2, 3, 4, 5and 6

Specimen Test
No. Temp. °F
100 800
101 800
102 800
103 800
104 800
111 800
107 800
109 800
112 800
113 800
115 800
117 800
108 800
119 800
122 800
123 800
133 800
124 800
130 800
106 1000
110 1000
114 1000
116 1000
118 1000
128 1000
125 1000
134 1000
127 1000
126 1000
129 1000
136 1000
1317 1000
131 1000
135 1000

(1) A = Maximum Stress

Static Stress

*No failure

Stress

Ratio (a)(1)

888888

L el Sl o
00002
< R=-X=-R=-R=-K-R=X=]

eeoee
) 888888
3y

Do o 0o 00
(=R =N N

Max. Stress
(Psi)

89, 600
110, 000
100, 000
84,100
94, 000
82, 000

175, 150
179, 600
175, 150
172, 450
171, 350

120, 050
112, 250
124,932
115,016
108, 866
135, 000
108, 866
97,995

75, 000
90, 000
110, 000
100, 000
82, 000
80, 000

170, 000
160, 750
152,000
140, 000
130, 000

129, 000
120, 000
144,000
114,000

Cycles to
Failure

1,130,000
19, 000
60, 000

4, 680, 000

138,000

1, 332,000

2,000
12,047, 000
4,000

186, 000
922,000

572, 000
1,213,000
190, 000

1, 386, 000
628, 000
166, 000
1,155,000
10, 000, 000*

5,171,000
783, 000
3,000
33,000
663,000
1,566, 000

2,000
15, 000
29, 000
58,000

5, 634, 000

394, 000
826, 000
5,000
1,600,000

(Reference: NAS3-4162)
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TABLE II-2. 800° and 1000°F Fatigue Test Data For H-11
Notched (2) Specimens in Air
See Figures II-1, 2, 3, 4, 5 and 6
Test: ASTM STP91 - Frequency 3600 cpm
Specimen Test Stress 1 Max. Stress Cycles to

No. Temp. °F Ratio (A)(1) (Psi) Failure
203 800 ® 40, 000 7,161,000
207 800 o 60, 000 7,000
206 800 o 50, 000 35, 000
202 800 P 46, 000 12, 245, 000
208 800 P 44, 000 14,000, 000*
215 800 P 50, 000 24, 000, 000*
211 800 ) 65, 000 4,000
222 800 ™ 55, 800 15,000
221 800 0.25 125, 250 9, 656, 000
223 800 0.25 131, 250 5,100, 000
225 800 0.25 135, 750 396, 000
2217 800 0.25 140, 400 92, 000
231 800 0.25 147,000 75, 000
220 800 2.00 52, 500 50, 000
228 800 2.00 65, 000 13,000
237 800 2.00 44,000 7,873, 000
240 800 2.00 47,000 10, 000, 000*
217 1000 o 37,000 30, 000
219 1000 o 34, 600 127,000
226 1000 ® 32,000 5,272,000
224 1000 o 41,000 8, 000
218 1000 ® 33, 600 14,955, 000
239 1000 ® 33,000 10, 000, 000*
235 1000 0.25 103,950 13, 733, 000*
234 1000 0.25 129, 950 1,040, 000
236 1000 0.25 140, 000 958, 000
232 1000 0.25 110, 000 1,145,000
229 1000 0.25 120, 300 570, 000
233 1000 0.25 126, 500 914, 000
230 1000 2.0 35,100 10, 221, 000*
238 1000 2.0 50, 100 1, 380, 000

(1) A=

Maximum Stress

Static Stress

(2) Stress Concentration Factor, Kp = 3

*No failure

(Reference: NAS3-4162)
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TABLE II-3. 900° 1000° and 1100°F Fatigue Test Data For

Nivco Unnotched Specimens in Air

See Figures II-7, 8, 9, 10, 11 and 12

Test: ASTM STP91 - Frequency 3600 cpm

Specimen
No.

300
304
305
325
327

307
310
312
316
315

306
308
309
311
313

318
320
302
322

332

314
317
319
303
323

Test

Temp. °F

900
900
900
900
900

1000
1000
1000
1000
1000

1000
1000
1000
1000
1000
1000

1100
1100
1100
1100
1100

1100
1100
1100
1100
1100
1100

(1) A= Maximum Stress

Static Stress

*No failure

Stress

Ratio (A)(1)

88888

Max, Stress
(Psi)

100, 000
80, 000
70, 000
85, 000
60, 000

150, 000
135, 000
142, 000
146, 250
143, 750

69, 750
90, 000
80, 000
66, 000
74, 000

143, 750
150, 000
135, 900
146, 250
128, 000
129, 950

74,000
82, 000
70, 000
62,000
66,000

134, 750
120, 000
110, 000
125, 800
129, 950
115, 500

Cycles to
Failure

1,500
84,000

662,000

3,194,000
2, 415, 000

23,000

18,000, 000*
4,532,000

10,000

204, 000

3, 639, 000

7,000
96, 000

7,250, 000

563, 000

553, 000

6,000

828, 000

8, 000

12, 474,000
4, 488, 000

200, 000

31,000

722, 000

8, 690, 000
4,500, 000

28, 000

716, 000

9, 830, 000*

(Reference:

299, 000
159, 000
637,000

NAS3-4162)
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TABLE II-4. 900° 1000°, 1100°F Fatigue Test Data For Nivco

Notched (2) Specimens in Air
See Figures II-7, 8, 9, 10 and 11

Test: ASTM STP91 - Frequency 3600 cpm

Specimen Test Stress Max. Stress Cycles to
No. Temp. °F Ratio (A)(1) (Psi) Failure
400 900 © 55,000 18,000
402 900 P 50, 000 23, 000
409 900 o 40,000 10, 330, 000*
406 900 © 45, 000 62, 000
404 900 J 42,500 108, 000
410 900 0.25 135, 000 10, 000, 000*
413 900 0.25 150, 000 121, 000
420 900 0.25 139, 750 8, 790, 000
416 900 0.25 145,000 148, 000
438 900 0.25 165, 000 17,000
435 1000 o 49, 750 12,000
425 1000 © 40, 000 56, 000
403 1000 o 30, 000 9, 729, 000*
408 1000 o 35, 000 9,791, 000
412 1000 © 37, 500 10, 045, 000*
439 1000 0.25 145, 000 240, 000
427 1000 0.25 152, 000 33,000
422 1000 0.25 134, 000 955, 000
414 1100 ® 35, 000 2, 419, 000
437 1100 ® 45, 000 16, 000
433 1100 o 30, 000 10, 000, 000*
424 1100 ® 40, 000 36,000
434 1100 ® 37,000 12, 250, 000

_ Maximum Stress

(1) A= Static Stress

(2) Stress Concentration Factor KT =3

*No failure (Reference: NAS3-4162)
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TABLE II-5. Creep Data For Nivco Forging
See Figures II-14, 15 and 16

Test: ASTM E139

Temperature (°F)
Stress (psi)

Duration of Test (hours)

1400
7000
214

Total Creep Strain (percent) 0. 1920

Time to Cause 0. 2 percent
Creep Strain (hours)

Time to Cause 0. 4 percent
Creep Strain (hours)

Plastic Strain obtained
on loading specimen
(percent)

Test Atmosphere

See Strain-Time Plot
in Figure

*Extrapolated
**Notch failure

***xTesting not complete

217, 0%

* %k %k

None

Air

I1-16

1100
90000
70, 9**

0.9756

1.3

32.2

0.0588

Air

I1-15

(Reference:

900
95000
1204

0.263

96

* ok

0.118

Air

I1-14

NAS3-4162)

WAED64. 30E-16




(29T9-gSYN :souaxajay)

LT-1I LI-TI -=- 91-11 91-11 91-11 aumS1g ur
J01d SWI] -UTeI)S 99§
Iy Iy Iy Iy Iy Iy aJaydsowyy 39
0 0 0 0 0 0 (yuedxad)
uswroads Jurpeo] uo

paurejqo ureais o13serd &

| ]

]

9°12 gg 1 60 ‘0 202 IS 91 (s.moy) urex;s deaxd =)

Jusdaad § °Q @sne) 03 sunL <

e

9°L 70 S0 °0 G°L8 €¢ gL (sanoy) urexys desxD =

Juadaad g °Q asne) 0} awl], Wn
ey 1 16°S LE L LY 0 81T Ge 'z  (Juadaad) urexis desa) TRIOL
611 L 02 GL"'T 0%2 021 8% (sanoy) 3831, Jo UOTIRINQ
0002 0009 00011 000TT 00081 00022 - (rsd) ssaxis
0091 0091 0091 00% T 00% 1T 00¥% T (do) eamyeradwo L,

661d INLSV -1S8L

LT pue 9T-]] S9anS1d 98§
Su1310 00AIN 104 BYeq doo1d °9-11 AI4dV.L



(291%-€SVN :90uaxajay)

g1-11 81-11 61-11 61-11 61-11 am3tg ur
10Td SwWILL-urexis a9s
Iy av av Iavy Iy axaydsow}y IsaL
620 °0 260°0 L8T0°0 1020 °0 0500 °0 (yusoaad) uswrdads Surpeor
U0 paure)qo urejS o1ISerd @
]
0£21 0°9L2 0811 11¢ £0¢ (samoy) urexjs dasa) S
juaogad y 'g 9sne) 03 SWILL M
©
gLE 0°9¢ 0°82 202 v6 (samoy) urens deaxd =
Juddxad g °Q asne)d 0} awlL AWn
LSV 0 68%% "0 G2S¥ 0 8¥8¥% ‘0 061S°0 | (uaoxad) urexis deaa) rejoL
91GT 8%S ePI 229 LYV (samoy) 389, Jo uoryeand
00059 0000L 0008% 000%¥ 0009% - (18d) ssaxis
00L 00L 006 006 006 (do) @myesadwsaL

66TH LSV :1S3.L

61 pue g1-I1 saun31d 9as
Sutdxog Az 0d1ad1H 104 eyeq deard °L-11 A14V.L




(29TH-ESVN :9ouatajay)

12-11 02-11 02-11 02-11 02-1I 61-11 a3ty ul
J01d 9WI] -ureIis aas
uosay Iy uoSay uoday uoSay Iy axaydsouny 1S9l
0 0 0 0 0 0 (3ua0.13d)
uawroads Surpeoy

UO pauTeIqo uTexsS dNSe[d =

€3]

8 '¥e --- --- e12 441 28¥ (samoy) urexss deaa) o

jusdxad § *Q asne) 03 dwr], <

(=]

A

LVT GSGL (4211 L31 oL 801 (samoy) urexys deaad &

Juddaad g °Q asne) 03 awrL] AWn
L8G°0 9¢2°0 LEE 0 ¢S °0 $8°0 ¥6¥ "0  (Juedoaad) urens deda)d rejoL
9¢ 14401 (443 ¥ °LGee 9981 LT19 (sanoy) 3s8], jo uorFEINQ
008 000¢ 000L 0006 00021 000V . (18d) ssaxis
(11} A 0011 00T1T 0011 0011 006 (d,) dmyeradwd L,

66TH W.LSV :I1S9L

1Z pue 0Z ‘61-11 semSB1q 99S
8ui8aog Lg odaadiy 104 eyed dsax) ‘g-11 A1V.L



(29TH-ESVN :90uaaajay)

¥2-11 £2-11 £2-11 £2-11 22-11 aaS1d ur
J01d @WIL -ureajS 99s
Iy Iy Iy Iy Iy axaydsoun}y 39,
SUON cZ1°0 SUON 29%0 ‘0 QUON (yuaoaad) uswroads Surpeor
UO poureIqo UTEXIS OTISeId S
€3]
¥1°2 20 ‘0 G2 61°¢ G 68 (samoy) urexys deax)d =
Juadaad § °Q asne) 0} awr] %
a
26°0 0°0 6S°0 LV "0 8°¢l (samoy) urexis desad o
Juadxad g - 9sne) 03 awr], B
£8 "L 20 ‘¥ 9°9 $0°9 ¥9¥ 0 (yusdaad) urexis deaa)d TejoL
0 2L ¥ "¢ evI 91 911 (samoy) 3saL jo uotyeINQ
0002 00059 00052 0000¢ 0000¥ ~ (1sd) ssaxis
00%1 001T 00TT 00TT 006 (d,) @anyesadwa L

661d WLSVY -IS9L

y2 pue ¢Z ‘2z-11 samS31y 998
(9sxdasues]) YOTYL ..GZ0 "0 399YS 02AIN Jo ey deaxd °g-I11 ATAV.L




TABLE II-10. Creep Data For 15 Percent Nickel Maraging Steel

Test:

See Figure I1-25

Temperature (°F)

Stress (psi)

Duration of Test (hours)
Total Creep Strain (percent)

Time to Cause 0.2 percent
Creep Strain (hours)

Time to Cause 0. 4 percent
Creep Strain (hours)

Plastic Strain obtained
on loading specimen (percent)

Test Atmosphere

See Strain-Time Plot
in Figure

ASTM E139
900 900
90000 80000
140 261
0. 6432 0. 521
19.5 42
68.5 155
None None
Air Air

I11-25 I1-25

(Reference: NAS3-4162)

WAED64. 30E-21




(29TH-gSVYN :9ouaxajey) "ITe Ul 3pRW S159) [V
| yearqaajrend - O
6°¢6 206 081 ‘e 002 ‘91 00¥ ‘21 009T 12¢ LSE°0 01
£°v6 9°LG 008 ‘02 0SL ‘St 056 ‘21 0091 92¢ 8G¢ 0 4
6 "89 L 099 pg 0gs ‘¥ 0s¢ ‘ov 00¥ T 12¢ LSE "0 6
6 gL 06 "Ly 00L ‘s¥ 000 ‘62 009 ‘22 00¥ 1 12¢ 8G¢ ‘0 3 n_
6 8% 0°¥%2 00% ‘12T 059 °s8 005 ‘69 0011 91¢ 86¢€ "0 8 m
Z Gy 9 %2 098 ‘2T  0SI‘¥6 00S ‘¥8 0011 1e¢ 8G¢ "0 4 w
L°e¥ L°02 0S¢ ‘IST 009 ‘98 056 ‘99 006 208  LSE°0 L m
9 ey v12 00€ ‘98T 0%SL‘16 0GT ‘c8 006 9gg 8G¢€ °0 I |
v '2h 1°0¢ 0S¢ ‘¥9T  00F ‘211 006 ‘66 "L°d o1¢ LSE "0 9
6 "F¥ £€°1¢ 0S¢ ‘99T  00¥ ‘TII 00L ‘¥OT LY 91¢ LSE °0 g
(lusdxed)  (usdaad) (1sd) (1sd) (1sd) (do) (D 000g)  (-ul) "ON
BOIV JO  SOYOUI§ ‘T YBuaa)S "1 PIotx xS protx dwal NHd el °0oads
uoT)onpay  uoryeSUOIH SFRWII) IOSHO JUSD 39S7JO JUdd 1S9, SsaupxeHq .
-13d Z2°0 -I9d 20°0

Urw-ut/ut GO *Q pue UIW-ut/ur Gop *Q :9yey UTex3S - [z WISV (150l

Bu13104 0DAIN 04 BYeq 1S9 O[ISUSL, ‘TI-II ATLV.L



(291H-¢SYN :9ousaayay) “JITE U SpBRW S1S9) [V
"Yearqrajrend = P
‘uawIroads uo paddifS J9)9WOSUIIX “I[QBI[OJUN dAIN)) = ¢
*sd1x$8 ut ajoad =y
1%9 06661 001I¥%T 0S¥ 6 0091 L 9¢
/A4 00002 0G6¢€1 00001 0091 L GE
0°Ge 0gaey 0geae 10444 00¥1 €L ¥¢
O 0°62 (1847 0s6ve 06¢2€q 00%1 XL L2
™
g'el 055401 d g 011 &Lgg |
(=]
I°01 002101 0016L 001¥%S 00TTI .L C¢ Mu..
©
®86 00£5ZT 056501 0061 006 L 1g m
21 0sv9ct 06L60T 0oLEL 006 L 0¢ B
L'¢C 066081 0061LI 00€SST 08 Ly
A\ A4 006141 002g01 08 L 9¢
(3usd.12d) (15d) (15d) (15d) (o) JIeN
sayou] g yjSuaais ssax)sS ssaI)S ‘dwa g,
ut uoryesuory afewnnN PI9TA 319SJJO PISTA 319S7JO 1s8L
JuddIad Z°0 adxad g0 ‘0

utw-utr/ut gQ *Q pue uTw-utr/ur Goo ‘0 :oyey ureIls - 1zd WISV :IS9L

TelI07e N 199YS 9SISASURLL .,GZ0 ‘0 OOAIN IO BYeq 1SOL STISUSL °gI-I1I ATAV.L

e e memmmemme -



(Z9TH-£SYN :90uaxayay) *ITEe Ul pajsa) SIay)o [V “araydsowrye uoSre ur pajsal - x
: yearqaajrend - O
s3urpeaa ssaupgey mm WOJJ pajIaAuo) NHA :d.ILON
9 °6L 08 8% *00€ ‘2T 08 ‘o1 058 ‘8 00¥1 €91 0$Z2°0 11
¥ °09 b9 "cg 001 ‘21 00L ‘1T 00L ‘6 00¥1 6S1 162°0 01
8°'12 o¢ 6 0S6 ‘SS 00¢ ‘1¢ 0S¥ ‘92 0001 6ST 162°0 6
8°12 b8 g 00L ‘99 0S¥ ‘og 050 ‘1¢ 0001 991 0S2°0 8
G '6¢ 05 12 002 ‘2L 000 ‘0% 058 ‘z¢ 00L 961 162°0 L
<¢
1°82 OF b1 00% ‘L9 001 ‘b€ 082 ‘1€ 00L €61 062 °0 9 M
(]
L8y (VIR 006 ‘TL 0SS ‘1€ 006 ‘L2 00§ £sT 052 "0 g G
[{e]
1°66 0°L2 00¢ ‘gL 00¢ ‘sg 00S ‘92 008 £q1 6v2°0 b m
0 bg1 0SL ‘29 009 ‘¥¥ 008 ‘LE | 991 052 °0 Z =
9°1 ¥ 2 008 ‘c9 002 ‘e¥ 008 ‘ce ‘LY" 61 052 °0 I
(ueoaad)  (jusoaed) (1sd) (1sd) (1sd) (L) (O o00g)  (-u1) "ON
BOIV JO  Sayour T  YBuaals ‘XIS PIOIX ‘1)S pro1x  ‘dwra, NHA e1d +0ads
uoTIONPaY  UoIFRSUOTH  SYRWIIl 9SO JUSD 19SIJO JUdD 1S9l ssaupIeH
-xed 2°0 -13d 20 °0

UTW-UL/UT GO *Q PUE UTWI-UT/UT OO0 :oTeY UTEXS - [3d LSV 1SeL

(peresuuy pue jse) JUaUIISAAU]) Lg 00JdIH J04 BYR( ISOL O[ISUSL °‘gI-II ATAV.L

|



i

TABLE II-14. Electrical Resistivity of Supermendur 2 Mil Ribbon
in Vacuum (10-9 torr)

Test: ASTM A344

Specimen No. 1, Continuous Heating

Width - 0. 250 inches, Thickness - 0. 002 inches, Length- 12.96 inches

Temp.
(°F)

9
200
300
400

500
600
710
810
907
1000
1100
950
750
550
350
150

Resistance
(Ohms)

. 4673
. 4741
. 4825
. 4943
. 5104
. 5300
. 5545
. 5796
. 6061
. 6336
. 6690
. 6230
. 5675
. 5245
. 4932
. 4713

COO0OO0O OO0 O0O0CO0O0O0O0O00OO0O

Resistivity
(Microhm-Cm)

45,79
46, 46
47, 28
48, 44
50. 01
51.94
54. 34
56. 80
59. 39
62. 09
65. 56
61. 05
55, 61
51. 40
48, 32
46. 18

(Reference: NAS3-4162)

WAED64. 30E-25



TABLE II-15. Electrical Resistivity of Supermendur 2 Mil Ribbon
in Vacuum (10-9 torr)

Test: ASTM A344

Specimen No. 2, Continuous Heating

Width - 0. 250 inches, Thickness - 0. 002 inches, Length-11. 39 inches

Temp. Resistance Resistivity
(°F) (Ohms) (Microhm-Cm)
77 0. 4199 46, 818
200 0. 4268 47, 59
300 0. 4361 48. 63
400 0. 4800 49, 95
500 0.4618 51.49
600 0. 4780 53. 30
703 0. 4972 95. 44
803 0.5205 58.03
900 0. 5450 60. 77
1000 0.5707 63. 63
1100 0.6016 67.08
946 0. 5580 62. 22
746 0.5095 56. 81
550 0. 4702 52. 43
350 0. 4422 49, 31
150 0. 4230 47,16

(Reference: NAS3-4162)
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STRESS (103 PsI)

100 \ Creep Strain
N § ® 0.2% longitudinal
\ direction (bar)
\ L\ AN\ A 0. 4% longitudinal
\ \ \\ direction (bar)
0.2% transverse
\ \\ direction (sheet)
@ 0. 4% transverse
\ \\\ direction (sheet)
A \ \ t = hrs.
\ \ \ ro®
\ o
\ 4
10 ALY O\
\\ \\
\\\, \\ \
\\\ %
"(HOURS) ‘
10 103 103 \
L 900°F
10} 1000°F : 163 103
10 [ 11007 |
10} 1200°F
1 . . { 1

. 1 | | 1
26 28 30 32 34 36 38 40 42 44 46 48 50
LARSON-MILLER PARAMETER = T(20 + logt) x 10-3

FIGURE 11-26. Larson-Miller Plot of Forged Bar and Sheet Nivco
Creep Data, Tested in Air. (Reference: NAS3-4162)

Figure I11-26, Creep - Larson-Miller Plot - Nivco
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FIGURE I1I-27,

Creep Test Arrangement Showing Extensometer
and Thermocouples Attached to Specimen
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FIGURE 11-28.

Tension Test Specimen in Position For Testing,
With Extensometer in Place
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SPECIFIC HEAT (CALORIES/GRAM °C)

100 300

TEMPERATURE (°F)

500 700 900
1 1

1100

)
1 L

oty

100

200 300 400
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500

600

FIGURE 1I-33. Specific Heat, Supermendur Rolling Stock in Vacuum
(10-5 torr) (Reference: NAS3-4162)

Figure II-33.

Specific Heat - Supermendur
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Figure II-37. DC Magnetization - H-11 Steel Forging
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Figure I1I-38. DC Magnetization - Hiperco 27 Laminated Ring
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SECTION III

ELECTRICAL CONDUCTORS

A, INTRODUCTION.,

During the previous quarter, the balance of the conductor materials
developed for this program were received from Sylvania Electric Pro-
ducts Corporation. Samples from these wires are now being evaluated
electrically, mechanically, and thermophysically.

The electrical conductors selected remain the same as reported in the
second quarterly report (WAED 64. 14E).

B. SUMMARY OF EFFORT IN THIS QUARTER.
1) Creep testing

a) 3 samples of beryllia dispersion-strengthened copper
10-gage wire were placed on test.

2) Tensile testing at room and elevated temperature were com-
pleted on the following:

a) 11 samples of 10-gage nickel-clad copper wire

b) 12 samples of 10-gage bare dispersion-strengthened
copper wire

c) 15 samples of 10-gage Type 321 stainless steel-clad
silver wire

3)  Thermal expansion measurements were completed on the
following:

a) Type 321 stainless steel-clad silver wire

WAED64. 30E-71
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4)

5)

b)
c)

Bare dispersion-strengthened copper wire

Nickel-clad copper wire

Electrical resistivity measurement were completed on the

following:

a) Type 321 stainless steel-clad silver wire

b) Inconel-clad over columbium-clad over d1sper51on-
strengthened copper wire

c) Bare dispersion-strengthened copper wire

d) Inconel-clad silver wire

e) Thoria dispersion-strengthened nickel wire

f) Type 304 stainless steel-clad zirconium copper wire

All conductors were placed on thermo stability test.

WAED64. 30E-T72
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MECHANICAL AND THERMOPHYSICAL TEST RESULTS.

1. Creep

Sufficient test data are not yet available to warrant a discussion
in this report.

2. Tensile Tests at Room and Elevated Temperatures

All tensile data obtained during the past quarter are presented

in Tables III-1 and III-2 and in Figures III-1to III-7. These
data are straight forward and do not require comment at this time,
Figure III-3 is worthy of note since it compares data obtained on
this program with the dispersion-strengthened material CuFo
(BeO-Cu) data published by Handy and Harmanl. It shows not

only the accuracy of the published information but the uniformity

of the commercial product. The Handy and Harman data represents
an average of several lots of material and the agreement between
the two sets of data is indicative of a uniform product.

. 3. Thermal Expansion Measurements

The thermal expansion of three conductors; nickel-clad copper,
CuFo, and 321 stainless steel-clad silver are presented in Figures
I11-8, III-9, and III-10. These data show nothing unexpected.
The curves are replots from data recorded on an autographic re-
corder, and have been corrected for expansion of the quartz rod
and tube. A thermal expansion specimen assembled in the dila-
tometer and ready for insertion into the furnace is shown in Fig-
ure II1I-11.

4, Electrical Resistivity Measurements

Electrical resistivity data for all tests completed during this period
are given in Tables ITI-3 to I1I-12 and are plotted in Figures I11I-
12 and I1I-13.

Wherever possible, the two electric current carrying and two
measuring lead wires are resistance welded to the specimen to
assure a good connection. In the case of the bare dispersion-
strengthened copper, CuFo; however, resistance-welded leads
separated from the specimen at about 1550°F, terminating the test.

1Handy and Harman product literature (CuFo) January 1964.
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These data are shown in Table III-5 but were not plotted. To
overcome this problem, small holes (0. 020 inch diameter) were
drilled through the 0.040 inch diameter wire at the proper loca-
tions near the ends of the test specimen, 0.020 inch chromel lead
wire inserted through the holes, and the holes peened closed.
Joints made in this manner have provided excellent tests up to
the maximum test temperature of 1600°F,

The electrical resistivity data are plotted together on Figure III-
12. The tests on Specimen No. 2 of the stainless steel-clad, zir-
conium-copper (Table III-11 and 12) are not plotted for curve
clarity since these data are essentially the same as that of the
first specimen. The data are included for informational purposes
only.

An aging effect was noted in the data for stainless steel-clad, zir-
conium-copper which is shown in the inflection point on Curve 1

of Figure III-13. A second run was made on the same specimen
(see Curve 2 Figure I1I-13) which did not show the change in slope
of Curve 2, indicating the zirconium-copper core was in an equili-

brium condition due to the heating required when obtaining the first

curve,
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D. GENERAL DISCUSSION.

Sylvania Electric Products Corporation supplied a series of photo-
micrographs of the conductors made by them. Two of these are in-
cluded in Figures III-14 and I11-15. The quality of these developmental
wires is evident by the uniformity of the columbium cladding on the In-
conel-columbium clad dispersion-strengthened copper.
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TABLE III-3. Electrical Resistivity, 321 Stainless Steel-Clad (28% of Area)

Silver Wire in Vacuum (10-5 torr)
See Figure I1I-12

Test: ASTM B193

Specimen No, 1, Continuous Heating

Wire Diameter - 0.040 Inches, Test Length - 23. 24 Inches

Temp.
(°F)

Resistance
(Ohms)

76
200
300
400
500
600
708
821
918

1017
1100
1200
1300
1408
1500
1600
1541
1449
1292
1100
900
700
500
300
200
76

.01782
. 02005 ",
. 02271
. 02824
.03141
03574
03938
04365
04674
05004
05430
05800
06200
. 06650
06981
075170
. 07320
06919
06176
05526
04771
. 04008
03250
. 02580
.02198
.01776

OO0 0000000000000

Resistivity Resistivity Conductivity
(Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
14. 722 2.45 71.63
16.564 2.75 63.67
18. 762 3.12 56. 21
23. 330 3. 88 45, 20
25. 949 4,31 40. 64
29.526 4,91 35. 72
32.534 5. 41 32. 42
36. 062 5.99 29. 24
38.614 6. 42 217, 31
41, 341 6. 87 25.51
44. 860 7. 46 23.51
47,917 7.97 22.01
51. 221 8.51 20. 59
54.939 9.13 19. 20
57.674 9.59 18. 29
62. 540 10. 40 16, 86
60. 474 10.05 17. 44
57.162 9.50 18. 45
51.024 8. 48 20. 67
45. 654 7.59 23.10
39. 416 6. 55 26,176
33.112 5.50 31.85
26, 850 4, 46 39. 28
21. 315 3.54 49, 48
18,158 3.02 58. 08
14. 672 2.44 71, 88

(Reference: NAS3-4162)
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TABLE III-4. Electrical Resistivity, Inconel-Clad (28% of Area),

Columbium-Clad (8% of Area), 'CuFo' Copper Wire
in Vacuum (10-5 torr)
See Figure I1I-12

Test: ASTM B193

Specimen No. 1, Continuous Heating
Wire Diameter - 0. 0405 Inches, Test Length - 23, 47 Inches
Temp. Resistance Resistivity Resistivity Conductivity
°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
76 0. 02423 20. 320 3.38 51.90
200 0. 02835 23. 776 3.95 44, 36
300 0.03280 27. 507 4,57 38. 34
400 0.03710 31.114 5.17 33.90
505 0. 04170 34.971 5.81 30.16
610 0. 04631 38. 838 6. 46 27.16
703 0. 05031 42, 192 7.01 24.99
800 0. 05440 45, 622 7.58 23.12
900 0.05880 49, 312 8.20 21.39
1008 0.06340 53. 170 8.84 19. 84
1100 0. 06785 56. 902 9. 46 18. 54
1200 0. 07250 60. 802 10. 11 17. 35
1300 0.07740 64. 911 10.179 16.25
1400 0. 08230 69. 020 11. 47 15. 28
1500 0.08755 73. 423 12,21 14, 36
1600 0. 09250 77.574 12.90 13. 60
1450 0.08515 71. 410 11. 87 14. 77
1250 0. 07560 63. 401 10. 54 16, 64
1050 0. 06628 55. 585 9.24 18.97
850 0. 05720 47. 970 7.97 21.99
650 0.04853 40, 700 6.177 25,91
450 0.03970 33. 294 5.53 31.68
250 0.03152 26. 434 4,39 39.90
150 0. 027175 23.272 3.87 45, 32
6 0. 02298 19. 272 3.20 54. 73
(Reference: NAS3-4162)
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TABLE III-5. Electrical Resistivity, 'CuFo' Copper Wire
in Vacuum (10-5 torr)

Not Plotted - See Table II1I-6

Test: ASTM B193

Specimen No. 1, Continuous Heating

Wire Diameter - 0.040 Inches, Test Length - 23. 23 Inches

Temp. Resistance

(°F) (Ohms)

™ 0. 01509
100 0.01537
200 0. 01740
300 0.01980
400 0.02253
523 0. 02560
600 0. 02790
700 0. 03000
800 0.03344
900 0.03631
1000 0.03920
1114 0. 04290
1200 0. 04600
1300 0. 04960
1400 0. 05309
1528 0.05747
NOTE: 1.

Resistivity
(Ohms Cir Mil/Ft)

Resistivity
(Microhm-Cm)

Conductivity
(percent IACS)

. 472
. 703
. 381
. 364
. 621
. 158
. 059
. 795
. 638
.010
. 398
. 456
. 019
. 994
. 878
. 498

NN AP WOWWNNND

Test leads separated from the specimen at 1550°F, This test

repeated using a better technique to attach the leads to the

specimen,

(Reference: NAS3-4162)
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TABLE III-6. Electrical Resistivity, 'CuFo' Copper Wire
. in Vacuum (10~9 torr)
See Figure ITI-12

Test: ASTM B193

Specimen No. 2, Continuous Heating

Wire Diameter - 0.040 Inches, Test Length - 23,24 Inches

Temp. Resistance Resistivity Resistivity Conductivity
(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
76 0.01485 12.269 2.04 86. 06
200 0.01808 14,937 2.48 70. 69
3017 0. 02044 16, 887 2.81 62,53
400 0. 02350 19, 415 3.23 54, 39
500 0. 02640 21,811 2.63 48, 41
600 0. 02920 24,124 4,01 43,77
700 0. 03200 26, 437 4,39 39. 94
800 0. 03489 28, 825 4.179 36. 63
907 0, 03800 31, 394 5,22 33.63
1000 0. 04095 33.831 5. 82 31.21
1100 0. 04400 36. 351 6.04 29, 05
1200 0. 04706 38.879 6. 46 27.16
1319 0. 05040 41,638 8.92 25, 36
1400 0. 05390 44, 530 7. 40 23. 11
1500 0.05734 47, 372 7.88 22.29 -
1600 0.06131 50. 652 8. 42 20, 85
1450 0. 05830 46,513 7.73 22.70
1250 0.04937 40. 788 6.178 25. 89
1050 0. 04295 35. 484 5.90 29,76
850 0.03676 30. 370 5.05 34. 17
650 0.03102 25, 6217 4,26 41, 20
432 0. 02525 20, 861 3. 47 50, 62
250 0. 01995 18, 482 2.74 64. 06
150 0.01711 14.136 2,35 74.70

(Reference: NAS3-4162)
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TABLE II1I-7. Electrical Resistivity, Inconel-Clad (28% of Area)
Silver Wire in Vacuum (10-9 torr)
See Figure III-12

Test: ASTM B193

Specimen No, 1, Continuous Heating
Wire Diameter - 0. 040 Inches, Test Length - 23. 41 Inches

Temp. Resistance Resistivity Resistivity Conductivity

(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
Kk 0.01787 14, 656 2.44 72.10
200 0.02096 17.191 2.86 61. 47
300 0. 02480 20. 340 3.38 51.95
400 0.02828 23.194 3.86 45, 56
500 0.03186 26.130 4,34 40, 44
600 0.03548 29.099 4,84 36. 31
700 0.03907 32,044 5. 33 32.98
800 0.04257 34,914 5. 80 30. 27
902 0.04637 38. 031 6. 32 27.79
1000 0. 04982 40. 860 6.7 25. 86
1100 0.05365 44, 002 7.31 24.01
1200 0. 05750 47,159 7.84 22. 41
1300 0.08155 50. 481 8. 39 20,93
1400 0. 08565 53,844 8.95 19.63
1500 0.08971 57.173 9.50 18. 48
1600 0.07489 81. 422 10. 21 17.20
1450 0. 06850 56.181 9. 34 - 18.81
1250 0. 06040 49,538 8.24 21.33
1050 0.05275 43. 264 7.19 24. 42
850 0.04523 37.096 6.17 28.49
650 0.03777 30.977 5.15 34.11
450 0. 02965 24,318 4,04 43. 45
250 0. 02397 19, 859 3.217 53.75
17 0. 02100 17.223 2. 86 61. 35
(K 0.01747 14, 328 2.38 73.75

(Reference: NAS3-4162)
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TABLE III-8. Electrical Resistivity, TD Nickel Wire, in Vacuum
(10-9 torr) |
See Figure I11I-12 (Continuous Heating Data Not Plotted)

Test: ASTM B193

Specimen No. 1, Continuous Heating

Wire Diameter - 0.040 Inches, Test Length - 23. 02 Inches

Temp. Resistance Resistivity Resistivity Conductivity
(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
76 0. 05460 45,539 7.57 23.14
100 0.05701 47,549 7.90 22.16
205 0.07255 60. 510 10. 06 18. 35
300 0.09100 75. 898 12, 62 13.88
400 0.1141 95. 165 15, 82 11,07
504 0. 1420 118, 435 19, 69 8.99
600 0.1730 144, 290 23.99 17.30
700 0.2135 178. 089 29. 60 5.92
800 0.2351 186, 085 32. 60 5. 37
900 0. 2505 208, 929 34,173 5.04
1000 0.2640 220. 189 36. 60 4. 79
1100 0.2770 231,031 38, 41 4,56
1224 0.2917 243. 292 40, 44 4,33
1321 0. 3029 252, 633 41,99 4,17
1441 0. 3170 264, 894 44, 04 3.98

Wire Soaked at Test Temperature Before Measurement
Wire Diameter - 0. 040 Inches, Test Length - 23, 16 Inches
75

0.05462 45, 279 7.53 23. 26

321 0.1000 82. 900 13.78 12.M
463 0.1372 113. 738 18.91 9.26
695 0.2212 183. 374 30. 48 5. 174
980 0. 2655 220. 099 36. 59 4.79
1291 0. 3023 250, 606 41. 66 4. 20
1600 0. 3320 215, 228 45.75 3.83
1375 0. 3076 255. 000 42. 39 4,13
874 0. 2496 206. 918 34. 40 5.09
593 0.1796 148. 888 24.75 7.08
314 0.1032 85, 552 14.22 12.31
5 0.05471 45, 354 7.54 23.21

NOTE: 1. In the continuous heating test, leads separated from the test
specimen between 1450 and 1500°F,

(Reference: NAS3-4162)
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TABLE III-9. Electrical Resistivity, 304 Stainless Steel-Clad (28% of Area)
Zirconium Copper Wire in Vacuum (10-9 torr)(First Test)
See Figures ITI-12 and 13

Test: ASTM B193

Specimen No. 1, Continuous Heating
Wire Diameter - 0. 0405 Inches, Test Length - 23. 48 Inches
See Plots Figures I1I-12 and 13
Temp. Resistance Resistivity Resistivity Conductivity
(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
(K 0. 02954 24,763 4,12 42, 66
200 0.03390 28.418 4. 72 37. 17
307 0.03790 .M 5.28 33.25
400 0.04125 34.579 5.75 30.55
500 0.04525 37.933 6. 31 217. 85
600 0.04894 41.028 6. 82 25. 75
700 0.05260 44,094 7. 33 23.96
809 0. 05590 46. 860 7.79 22,54
900 0.05754 48.235 8.02 21,90
975 0.05728 48.017 7.98 21,99
1000 0.05736 48,084 7.99 21,97
1102 0. 05980 50.130 8.33 21.07
1202 0.06445 54,028 8.98 19.55
1300 0. 06926 58,060 9.65 18.19
1400 0.07444 62, 402 10. 37 16.93
1500 0.07930 66. 476 11,05 15. 89
1600 0. 08595 72.051 11.98 14, 66
1450 0.07760 65.051 10. 81 16, 24
1240 0. 06690 56.081 9, 32 18.84
1050 0. 05855 49,082 8. 16 21.52
986 0.05580 46,776 7.78 - 22,58
950 0.05435 45,581 7.57 23.18
910 0. 05268 44,161 7.34 23.92
834 0. 04965 41,621 6. 92 25, 38
650 0.04224 35. 409 5. 89 29.83
450 0. 03455 28,963 4,81 36. 47
250 0.02675 22, 424 3.73 47.11
150 0. 02279 19,105 3.18 55. 29
79 0.01986 16,648 2.1 63. 17
(Reference: NAS3-4162)
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TABL T I1I-10. Electrical Resistivity 304 Stainless Steel-Clad (28% of Area)
4 Zirconium Copper Wire in Vacuum (10-5 torr)(Second Test)
See Figure ITI-13

Test: ASTM B193

Specimen No. 1, Continuous Heating
Wire Diameter - 0, 0405 Inches, Test Length - 23, 48 Inches
Temp. - Resistance Resistivity Resistivity Conductivity
(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
79 0.01986 16. 648 2.717 63. 717
203 0. 02425 20. 328 3.38 52, 22
319 0. 02900 24,310 4,04 43.67
402 0. 03230 27.077 4,50 39,21
500 0. 03630 30, 430 5.06 34. 89
611 0. 04015 33.857 5,60 31.54
707 0.04440 37. 220 6.19 28,52
800 0.04815 40, 364 6.71 26, 30
900 0. 05225 43. 801 7.28 24,24
1000 0. 05592 46,877 7.79 22, 65
1113 0. 08055 50, 758 8.44 20, 91
1200 0. 06430 53.902 8.96 19.70
1300 0. 06880 57.674 9.59 18. 41
1400 0. 07420 62. 201 10, 34 17.07
1500 0. 07986 66. 946 11,13 15. 86
1603 0.08725 73.141 12.16 14.51
1450 0.07814 65, 504 10. 89 - 16,21
1238 0. 06875 55, 956 9. 30 18,97
1043 0. 05865 49, 166 8,17 21,59
850 0. 05049 42, 325 7.04 25.08
850 0. 04253 35, 852 5.93 29,78
450 0.03474 29,122 4,84 36. 45
250 0.02617 21,938 3.85 48, 39
170 0. 02350 19, 700 3.27 53.89
71 0. 02045 17.143 2.85 61,69
(Reference: NAS3-4162)
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TABLE III-11. Electrical Resistivity, 304 Stainless Steel-Clad (289 of Area)

Zirconium Copper Wire in Vacuum (10-5 torr)
(First Test)

Test: ASTM B193

Specimen No, 2, Continuous Heating
Wire Diameter - 0.0405 Inches, Test Length - 23. 47 Inches

Temp. Resistance Resistivity Resistivity Conductivity

(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
mM 0. 02907 24, 379 4,08 43. 41
200 0.03258 217, 323 4,54 38. 74
300 0.03683 30, 887 5.13 34, 27
405 0. 04060 34,049 5. 66 31.08
515 0. 04501 317. 147 6.28 28,04
600 0.04828 40, 490 6.73 26. 14
700 0.05194 43, 559 7.24 24. 30
805 0. 05526 46. 344 7. 70 22.84
900 0.05731 48, 063 7.99 22,02
950 0.05741 48. 147 8.00 21,98
1000 0.05754 48, 256 8.02 21,93
1100 0. 05950 49. 899 8. 30 21,21
1300 0.06945 58.244 9.68 18.17
1400 0. 07500 62. 898 10, 46 16,83
1505 0. 08055 67.553 11,23 15.67
1600 0. 08709 73.038 12,14 - 14,49
1450 0.07794 65. 364 10. 87 16.19
1250 0. 06750 56, 609 9.41 18.70
1044 0.05842 48, 994 8.14 21,60
840 0. 04995 41, 890 6. 96 25, 27
650 0.04245 35. 600 5. 92 29,73
450 0.03480 29,185 4, 85 36, 27
250 0.02694 22,593 3.176 46. 85
150 0.02306 19. 339 3.21 54,73

(Reference: NAS3-4162)
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TABLE ITI-12. Electrical Resistivity, 304 Stainless Steel-Clad
(28% of Area) Zirconium Copper Wire in Vacuum
(10-5 torr)(Second Test)

Test: ASTM B193

Specimen No. 2, Continuous Heating

Wire Diameter - 0. 0405 Inches, Test Length - 23. 47 Inches

Temp. Resistance Resistivity Resistivity Conductivity
(°F) (Ohms) (Ohms Cir Mil/Ft) (Microhm-Cm) (percent IACS)
79 0.01998 16, 756 2.79 63. 36
200 0.02320 19. 457 3.23 54, 56
300 0.02825 23. 692 3.94 44, 81
400 0. 03220 27.004 4, 49 39. 31
500 0.03642 30. 543 5.08 34.176
614 0.04070 34,133 5.67 31.10
11 0. 04470 37. 4817 6.23 28. 32
800 0.04829 40, 498 6.13 26.21
905 0.05275 44, 155 7.34 24,04
1000 0. 056017 47,023 7.28 22.58
1100 0. 05980 50. 151 8. 34 21.17
1200 0.06480 54, 344 9.03 19.53
1300 0. 06945 58. 244 9.68 18,23
1400 0.07494 62. 848 10, 45 16. 89
1500 0. 08080 67. 763 11. 21 15. 67
1600 0.08762 73. 482 12, 22 14. 45
1450 0.07904 66. 287 11.02 16.01
1246 0.06830 57.279 9.52 18.53
1050 0. 05902 49, 497 8.23 21.45
850 0. 05064 42, 469 7.06 25.00
644 0.04270 35. 810 5.95 29.65
450 0.03519 29.512 4,91 35.97
250 0.02700 22, 643 3.76 46, 88
150 0.02327 19. 515 3.24 54, 40

(Reference: NAS3-4162)
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Figure III-3. Tensile Strength - CuFo (Copper-BeO)
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Figure III-4. Tensile Strength - Nickel Clad Copper
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THERMAL EXPANSION (10-6 IN/IN)
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FIGURE III-8. Thermal Expansion, Nickel-Clad (28% of Area)

Copper, 10 Gage Wire, Tested in Argon
(Reference: NAS3-4162)

Figure III-8. Thermal Expansion - Nickel Clad Copper
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FIGURE III-9. Thermal Expansion, CuFo Dispersion Strengthened
Copper, 10 Gage Wire, Tested in Argon (Reference:
NAS3-4162)

Figure I1I-9. Thermal Expansion - CuFo Dispersion Strengthened Copper
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FIGURE I11-10. Thermal Expansion, Type 321 Stainless Steel-Clad
(28% of Area) Silver, 10 Gage Wire Tested in Argon

(Reference: NAS3-4162)

Figure I11-10. Thermal Expansion-Stainless Clad Silver
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Unetched Mag. 75X

Typical cross section of 0. 040 inch diameter wire as supplied.

FIGURE III-14. 321 Stainless Steel-Clad (28% of Area) Silver
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Unetched Mag. 85X

Typical 0.040 inch diameter wire section illustrating relative
thicknesses of outer and inner sheaths and core. These pro-
portions remain constant during drawing.

FIGURE III-15. Inconel-Clad (28% of Area) Dispersion-Strengthened
Copper (CuFo) With Columbium Barrier Layer (8%
of Area)

WAEDG64. 30E-102



SECTION IV

ELECTRICAL INSULATION MATERIALS

A, INTRODUCTION.

Determination and interpretation of data on the mechanical, physical
and electrical properties are in progress on organic and inorganic elec-
trical materials. The forms examined in this program include wire
insulation, flexible sheet, laminate, molded, and cast insulations.

The composition of the materials selected are given on pages 81 and

82 of the Second Quarterly Report WAED64. 14E.

B. SUMMARY OF EFFORT IN THIS QUARTER.

During the third quarter of the program, compilation and interpretation
of the collected data have continued. The materials selected during the
earlier portion of the study are being subjected to tests suitable for eval-
uation of each category. These tests have been described and submitted
to NASA in test book form. The materials needed for the tests have
been acquired and the preparation of test specimens is about 95 percent
complete. The testing phase itself is approximately 50 percent complete.
The degree of completion is as follows: The physical testing program is
approximately 40 percent completed. This includes tensile strength data
for six flexible sheet insulations, compressive strength data for three
rigid sheet insulations and two encapsulants, and flexural strengths and
modulus for two rigid sheet insulations, Values were obtained at all
required temperatures. In the electrical test program, a total of 107
categories of materials and tests are required in the program. Out of
this number, 29 have been 100 percent completed, 2 are 75 percent com-
plete, 3 are 50 percent complete, and 8 are 20 percent complete. Of the
total of 28 different insulating materials in the program, 12 have been
evaluated for weight loss in vacuum at the required temperatures.
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C. ELECTRICAL AND THERMOPHYSICAL TEST RESULTS.,

1., Electrical Testing

Electrical testing has been purposely delayed until all testing
specimens are prepared. This program is now proceeding
rapidly. No data are reported here as it is believed a more
meaningful and logical presentation will result after a larger
portion of this effort is completed.

2. Physical Testing

a. Tensile Strength

Tensile strength data for sheet insulation are shown in
Table I V-1. The tensile strengths of the organic flexible
sheet insulation are higher than the inorganic, reflecting
the high strength of the glass cloth base. Of the two types
of Pyre-ML, the flexible variety has the lower strength
because incomplete wetting of the fibers by the resin has
been utilized as a means to gain flexibility. Tensile
strength of Fiberfrax is very low, as expected, showing
the need for careful handling of this material. All tensile
tests on sheet material have been completed. -

TABLE IV-1. Tensile Tests on Flexible Sheet Insulation
at Room Temperature in Air

Test: ASTM D902 (Average of 3 samples)

Sample : Thickness Breaking Strength
(mils) (1bs per inch of width)

Pyre- M1-~flexible grade 9.6 138
Pyre- ML-semi-flexible grade 9.9 338
AB1PM 3.9 27.6
128-50-1 : 3.7 33.4
Fiberfrax 17. 3 (nominal 0. 416

‘ 20 mil)
Synthetic Mica, CM-1 10. 2 8.6
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TABLE I1V-2. Compressive Strength of Various

Materials in Air

Test: ASTM 759 (Average of 3 Samples)

Material Type Test Temperature Compressive
(°F) Strength (psi)
Doryl H17511 Rigid Sheet : 350 56, 500
Epoxy H2497 Rigid Sheet 75 74,100
Epoxy H2497 Rigid Sheet 350 46, 350
92M Rigid Sheet 75 44, 400
92M Rigid Sheet 932 37, 800
92M Rigid Sheet 1112 23, 850
Epoxy-Hysol Encapsulant 75 26, 300
Epoxy-Hysol Encapsulant 300 12, 350
W-839 Encapsulant 75 12, 750
W-839 Encapsulant 932 20, 200
b. Compressive Strength

Compressive strength determinations for several materials
have been completed. The data obtained to date are tabu-
lated in Table 1V-2. The rather low values obtained at room
temperature for the W-839 encapsulant are unexpected and
appear unreasonable. Since fabrication techniques may have
damaged the test specimens these values will be rechecked.

c. Flexural Strength and Flexural Modulus

‘Tests for determining flexural strength and modulus have been

completed on the two materials listed in Table I V-3.
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TABLE IV-3. Flexural Strength and Modulus on Rigid
Sheet Insulations in Air

Test: ASTM D790 (Average of 3 Samples)

Material

Doryl H17511

Epoxy H2497

Test Temp.  Flexural Strength  Flexural Modulus
(°F) (psi) (psi)
5 67, 250 3.06 x 106
350 59, 650 2. 64 x 106
400 42,700 2.29 x 108
75 72, 650 3.20 x 109
350 17, 050 1.22 x 108
400 11,900 0.94 x 108

TABLE I1V-4, Linear Thermal Expansion for Various

Materials

Test: ASTM C372

Material

Doryl

Hysol Epoxy

92M

Sauereisen #8

Type

Rigid Sheet

Encapsulant

Rigid Sheet

Encapsulant

Temp. Range
(°F)

Coefficient of Thermal
Expansion (°F)~1

75-350
75-200
200- 320
75-570
570-1110
75-T700
700-1600

6.9 x 1076 (Figure 1v-1)
23.6 x 10~8 (Figure 1V-2)
33.3x 1076

2. 85 x 10-8 (Figure 1 v-3)

3.8x10-6

2.4 x 10~8 (Figure 1v-4)

3.6 x 10”6
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l

d. Thermal Expansion

Linear thermal expansion was measured on four different
materials over their recommended use temperature range.
In a plot of the total expansion versus temperature data, a
curve was generated rather than a straight line relationship,
In Table I V-4 the characteristics have been broken down into
two temperature ranges to show the higher expansion rates
at the higher temperatures. Exact expansion rates for any
desired point or temperature range can be taken from the
actual expansion curves given in Figures IV-1, 1V-2, IV-3
and I V-4.

’

3. Weight- Loss Tests in Vacuum

A schematic drawing of the apparatus used in the weight-1loss tests
is shown in Figure IV-5. A magnetic balance is incorporated into
the vacuum system which allows a continuous following of weight-

loss without breaking the vacuum to remove and reweigh the sample.

A loss in weight of the sample is reflected and measured by meas-
uring the decreased coil current required to keep the balance at
equilibrium. A very sensitive variable leak has been built into the
system to allow determinations to be made at various pressures
and in any desired atmosphere. The use of two liquid nitrogen
traps in conjunction with the forepump and diffusion pump have
produced a vacuum of 5 x 10~ 7 torr in this system,

The amount of water or other solvent absorbed on a sample is
greatly dependent not only on the extent of cure it has received,
but also on its storage history. For this reason, the weight-loss
''zero point" of all inorganic samples was taken after they had
been heated overnight at 212°F under vacuum in the test apparatus.
The temperature was then raised to that required in the test. The
sample was held at test temperature for at least 21 hours or until
a definite weight-loss trend was established. Most of the loss
took place within the first three hours.

Weight-loss determinations have been made on two insulated mag-
net wires, four flexible sheets, three rigid sheets and three
potting compounds. Some chipping and loss of insulation from the
magnet wires took place during the measurement. This was due
to the combined effects of very sharp bends made in forming the
sample coil and the method of suspending it from the balance.
These tests will be repeated.
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The results of the weight-loss tests are plotted in the accompanying
figures as milligrams-lost-per-square-centimeter of sample
surface versus time-in-hours at stated temperature and pressure,
Most of the measurements were made at pressures in the 10~ to
10-6 torr range.

One insulation, 92M rigid sheet, was run at 10-6 and also in a
helium atmosphere of 10-3 torr to determine if there is any signi-
ficant difference in weight-loss at these two pressures. These
curves are shown in Figures I1V-6 and 7. The similarity of the
amount of weight-loss at these two pressures, at 1562°F, indicates
that reducing the pressure any further would have little or no effect
on the weight-loss. This similarity in weight-loss is to be ex-
pected since even at room temperature and 10-3 torr, the molecular
population density is very low. At these conditions, the average
distance which an escaping molecule travels before encountering
another molecule is of the order of centimeters. At 10-4 and 10-9
torr this distance increases to 50 and 500 centimeters, respective-
ly. At higher temperatures, this distance is even greater. §o, for
all practical purposes, a molecule leaving the surface at 10~° is as
lost to the insulation body as it would be at pressures encountered
in deep space. Because of these considerations, no measurements
will be made at pressures lower than 10-6 torr.

In a tubular chamber such as this unit, the wall temperature be-
comes a factor. Cold walls collect the molecules given off. How-
ever, walls at temperatures higher than the specimen temperature
reject most of the outgassed molecules which strike the hot wall.
The molecules then either are carried off to the pump, or to the
cold wall zone, or return to the specimen. The molecular collec-
tion capacity represented by the sum of the large area of cold

wall plus the pumping volume is many times larger than the capacity
to return outgassed molecules to the specimen as represented by
the hot wall area. Thus, the error induced by the limited hot wall
area in this assembly is negligible for weight-loss studies of this
time duration.

Flexible sheet, 128-50-1, a silicone bonded, glass-fabric backed
mica was heated in vacuum to 932°F for 22. 5 hours and then for

48 hours at 1112°F. The results are shown in Figure IV-8. These
data show the need for extended pre-baking and outgassing of
resin-bonded high temperature systems.

The weight-loss testing of the organic materials required some

modification of the test device. To guard against possible contamina-
tion of the vacuum balance during weight-loss measurements of or-
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ganic insulations, the original apparatus was redesigned and re-
assembled. In the final assembly, shown in Figure I V-5, the
condensing suriace between the sample and the balance has been
increased and the vacuum take-off has been moved from the area
of the upper condensing surface to the lowest point in the system,
The more thermally stable organic materials, polyimide H film,
Pyre ML semi-flexible sheet and Doryl laminate, were run at
482°F and 10-9 to 10-6 torr. These were first dried at 167°F
under vacuum before increasing to 482°F. Conventional organics
such as the cast epoxy 4186/H5-3537 were dried at 122°F in the
vacuum system before measuring their weight loss at intended
operating temperatures. One epoxy, Scotchply 1100, was run at
482°F to determine the order of weight loss expected of such ma-
terials which may be exposed to this high temperature.

The results of the above determinations are presented in Figures
IV-9, 10, 11, 12 and 13. These data and their implications will
be fully discussed in the concluding topical report when complete
test results are collected.

4, Water Absorption

The water absorption of three organic materials had been completed.

Determination of the values for the other organic and inorganic

compositions are in progress. The values are reported in Table I V-5.

WAEDS64. 30E-109



TABLE IV-5. Water Absorption

Test: ASTM D57

Material
Epoxy-Glass (H-2497)

Laminate

Epoxy Encapsulation
(C9-4186, H5-3537)

Diphenyl Oxide (H-17511)
Glass Laminate

%

Absorbed

0.075
0.093
0.096
0.25
0. 26
0.28
0.33
0. 36
0. 37

Average

0.088

0.26

0. 35
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D. MATERIAL SELECTION.

Several materials have been withdrawn from further test effort for a
number of reasons. The materials and the discussion is presented be-

low.

1)

2)

3)

4)

5)

A change in the type of synthetic mica paper to be used
has been made from CM-2 to CM-1. The new mica paper
is a synthetic mica and is 100 percent mica instead of
80 percent as in CM-2. Tests by Westinghouse indicate
this new selection should be better electrically, will have

a lower space factor, and will resist abrasion and handling
better.

Sauereisen Cement #29 was dropped as an encapsulating
compound because of low insulation resistance at tempera-
tures above 1000°F. Despite other good properties this
would severely limit its temperature capability as an in-
sulator. A suitable replacement has not been found since
most of the potential candidates contain similar alkaline
silicate binders and thus are limited by electrical per-
formance to about 1000°F. These include Sauereisen num-
bers 8, 31, and 32.

Plasma sprayed alumina insulation for conductors is not
readily available as a commercial item. The technology

of construction is well defined but application of the insula-

tion is limited to preformed shapes. Although the high-temper-
ature capabilities of this wire exceed those of the other insula-
tions, studies on this form are in progress under Contracts
AF33(657)10701 and AF33(615)1360 and need not be duplicated.

The relative advantage of the two flexible sheet insulations
made from phlogopite mica were considered in view of in-
tended use requirements. The essential difference between
the 128-50-1 and the ABIPM are very much better winding
and handling properties of the former and the better bond
strength after curing of the latter. The electrical properties
are similar after final curing. Because of this, information
on the cured 128-50-1 should apply to ABIPM. This suggests
any test on cured ABIPM would be a duplication and will be
eliminated.

A review of the glass-bonded mica materials, Micalex 620

and 620BB indicate two deficiencies. One is lower tempera-
ture capability than for alumina bodies, and the other is the
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6)

7

8)

9)

10)

11)

possibility of lead sublimation from the glass phase. A
major advantage of both of these materials is suitability
of metal inserts. However, in foreseeable applications,
metal inserts would not be needed and the material has too
small an area of application to merit further consideration.

During the winding of samples of high-temperature magnet
wire, Anaconda magnet wire, Anacote, was found deficient

in adherence. The wires were wound around 1-1/4 inch
ceramic cores. Non-uniform flaking of the coating from
Anacote occurred. This adhesion deficiency led to withdrawal
of the material from further testing.

Imidite 1850 rigid sheet laminate has been eliminated due to
difficulty in procurement of samples and also on the basis

that although initial properties are quite good, these deteriorate
rapidly with aging at high temperature,

CTLI91LD, rigid sheet laminate, shows no area of advantage
over the other materials in this class, i.e. the whole appli-
cation range is covered by epoxy laminate, diphenyl oxide
laminate, and the polyimide laminate.

Considerable information is available from DuPont on Polymer
SP molding compound. Due to difficulties of cost and avail-
ability in procuring special test specimens, only available
data will be used in this program. Also, since the polymer

is the same as that used in H film and Pyre-ML, it is ex-
pected that complete tests on these materials will eliminate
the need for further testing of Polymer SP,

Urethane foam, Carthane 1008, has been excluded as it is no
longer available. On the basis that only one organic foam
material need be selected, it is believed that silicone foam
will be preferred over other available materials in this
class for thermal stability reasons.

Due to the limited applicability of organic molded parts in a
space generation system, it has been decided to limit the col-
lection of data on the epoxy compound, Scotchply 1100, to
physical properties only. This material had originally been
suggested to the program as a substitute for the no longer
available PMDA-containing epoxy compound. Because of
meager information concerning the substitute epoxy material,
a polyester material has been selected as a preferred mold-
ing compound and will be used for the program. The choice
of polyester materials fell between Plaskon 452 and Plaskon
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751. On the basis of easier fabrication and better retention
of electric strength with aging at 400°F, Plaskon 751 has
been selected for the program.,
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751. On the basis of easier fabrication and better retention
of electric strength with aging at 400°F, Plaskon 751 has
been selected for the program.
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THERMAL EXPANSION (10-6 IN/IN)

D
1800
1600
1400
1200 /&V
1000 1/)§§/
{ /
800
600
400
Length Before - 1.9637"
200 Length After - 1,9637"
Heating
Cooling ©
0
50 100 150 200 250 300 350

TEMPERATURE (°F)

FIGURE IV-1. Thermal Expansion, Westinghouse Doryl H17511
in Air (Reference: NAS3-4162)

Figure I V-1, Thermal Expansion - Doryl H17511
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THERMAL EXPANSION (1075 IN/IN)

9000
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FIGURE IV-2. Thermal Expansion, Epoxy-Hysol in Air
(Reference: NAS3-4162)
Figure I V-2. Thermal Expansion - Epoxy Hysol
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THERMAL EXPANSION (10-6 IN/IN)
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FIGURE IV-3. Thermal Expansion, 92M in Argon Atmosphere
(Reference: NAS3-4162)

Figure I V-3. Thermal Expansion - 92M
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THERMAL EXPANSION (10{6 IN/IN)
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FIGURE 1V-4. Thermal Expansion, Sauereisen #8 in Air
(Reference: NAS3-4162)

Figure I1V-4. Thermal Expansion - Sauereisen #8
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FIGURE 1V-5. Schematic of Weight Loss Apparatus
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SECTION V

BORE SEAL MATERIALS

A, INTRODUCTION.

The bore seal provides a hermetic division between the vulnerable portions
of electric generators and motors and the alkali metal working fluids used
in advanced space power systems. The objective of this program is to
identify properties of bore seal material systems which are capable of
long life at 1000°F and 1600°F when exposed to potassium, sodium-potas-
sium eutectic and selectively to lithium.

The candidate materials for this program were selected on the basis of

expected environmental compatibility, physical and mechanical properties
and fabricability.

Static capsule tests will be used in the present program to determine alkali-
metal corrosion effects. High-purity materials are being used in this study.

The determination and control of the purity of alkali metals in the test cap-
sules is being stressed, particularly in regard to oxygen contamination.

B. SUMMARY OF EFFORT IN THIS QUARTER,

1) The capsule loading facility and environmental test furnaces
were completed and then operation was initiated.

2) Geometry correlation between ASTM CLM-15 and modulus
of rupture assemblies was completed.

3) Metalizing, braze, thin film metalizing and electroformed
seal work were completed.

4) All ceramic, metal, and braze materials required for the
balance of the program were received.
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5)

6)

Active braze alloy work was expanded and A1203 and BeO
seals to Cb-1%Zr metal achieved.

Five ceramic materials and one active alloy braze ceramic-
metal sealing system were prepared in the form of modulus
of rupture assemblies for the first 1600°F potassium ex-
posure test.
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DISCUSSION.

1. Capsule L.oading and Environmental Test Facility

The general facility details and tentative capsule loading procedures
were discussed in the Second Quarterly Report WAED 64. 14E.
Photographs of the overall setup and closeups of specific features
are found in the accompanying Figures V-1 through V-4.

Two items which have been revised from the time of the Second
Quarterly Report are: (a) position of liquid metal hot trap con-
tainer during loading, and (b) an effluent gas trap was added to
the dry box to prevent backstreaming. The hot-trap liquid metal
container has been relocated external to the dry box to facilitate
changing from potassium to sodium-potassium eutectic without
opening the dry box. The hot-trap containers are too large to fit
entirely into the entry vestibule and would necessitate opening
both inner and outer door simultaneously for changing, with at-
tendant contamination of the dry-box atmosphere. The new ar-
rangement is shown schematically in Figure V-5. With this setup
the "fill line" is evacuated and back filled with purified argon
through the dry box. The line is then flushed by extruding the
liquid metal through the heated line by pressurizing the hot trap

- container with valve E closed. A metered amount of liquid metal

is then extruded by opening valve E and forcing the liquid metal in
the vertical section of pipe out through the capillary needle N. The
diameter of needle N is such that the liquid metal will not flow
through it except under pressure.

2. Studies of Materials and Seals

a. Correlation Tests

A program was carried out to correlate existing ASTM tensile
and drum peel test data with the modulus of rupture (M-of-R)
and tab peel configurations. The new test shapes were se-
lected to permit quantitative evaluation of the ceramic itself
as well as the ceramic-metal seal and were designed to be
small enough to fit in the 1/2 inch diameter by 4 inch deep
test capsules for exposure to alkali metal vapor. Such quan-
titative data was not obtained on the ceramic portion of a seal
in previous corrosion studies because of the limitations of the
CLM-15 geometry,

The design of the modulus of rupture and tab-peel test pieces
was shown in Figure V-6 of the Second Quarterly Report
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FIGURE V-1. Dry Box Facility
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FIGURE V-2. Alkali Metal Facility Plumbing
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FIGURE V-3. Right Side of Dry Box
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FIGURE V-4. Dual Vacuum Furnace
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FIGURE V-5. - Overall Schematic of Liquid Metal Loading Arrangement
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WAED 64.14E. The test fixtures were shown in Figure V-8
and Figure V-9 of the same report. Two ceramic-to-metal
braze systems were used in order to establish a better cor-
relation than possible with a single system: (a) copper-silver
eutectic braze to Kovar, and (b) Coast Metals Braze 52 (3B-
4, 58i-0. 15C-Ni), to columbium, The former system is a
long established production braze system; the latter is abraze
system which is more resistant to attack by alkali metalsl,
All correlation test ceramics were metalized with an Eitel-
McCullough production paint, (M003- MnOz-TiOZ), designated
'20A. Standard Production bodies were used as the ceramic.
These were Coors AD94 (94% Alp03, 4% SiO9, 1% CaO, 1%
‘MgO, and Wesgo AL300 (97% Aly03, 1.5% SiOg, 1.5%MgO).

A preliminary study was made to determine the extent of post
brazing sample preparation that is necessary to adequately
measure modulus of rupture bar brazed specimens. If grind-
ing of all surfaces after brazing could be proven unnecessary,
sample preparation time would be reduced considerably. For
this series of tests the modulus of rupture test assemblies
were brazed as indicated in Table V-2 using Kovar with both
AD94 and AL300 aluminas. The brazed samples were divided
into four categories: (1) minimum preparation with the ex-
cess metal trimmed sufficiently to permit the sample to fit

into the test fixture, (2) samples trimmed of excess Kovar
and hand ground to remove braze fillets, (3) samplestrimmed
of excess Kovar, hand ground to remove braze fillets, and sur-
face ground on the support and bearing sides of the sample, and
(4) maximum preparation with all sides surface ground flat
and parallel.

The data in Table V-1 shows the modulus of rupture for the
two alumina bodies evaluated. For comparison, the tensile
strengths of these bodies as reported by the suppliers are
listed at the bottom of the table. Tests of significant differ-
ences between means reveal that the mean of each M-of-R
group are higher, with 95 percent confidence, than the tensile
strengths reported by the manufacturer.

The analysis of variance shows that there is no significant
difference between the M-of-R specimens as-received and

1West:inghouse Subcontract AF33(657)8954 Report WAED 62. 2E.
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those submitted to the various heat treatments for each ma-
terial. The alumina bodies are not degraded after subjecting

them to typical thermal treatments associated with metalizing
and brazing.

The modulus of rupture tests indicate that there is no signi-
ficant difference between the strengths of the two alumina
bodies. A ratio was established between M-of-R tests and
tensile tests. Tensile strength is 0. 69 times the modulus of
rupture of the ceramic bodies.

Table V-3 shows the CLM-15 tensile and modulus of rupture
data for brazed alumina to metal joints. Each ceramic and
braze combination was compared for the corresponding M-of-
R and tensile strength groups. In all four cases, the M-of-R
groups had significantly higher means than the tensile strength
groups. The ratio of the means of the CLM-15 tensile strength
to the modulus of rupture for the brazed alumina bodies was

0. 31 for the copper alloy and 0. 21 for the nickel alloy.

An analysis of variance performed on the data (Table V-2)
from sample groups which received different degrees of sur-
face preparation indicate no significant difference. Sample
surface preparation can be minimized in future tests.

Results of a comparison between drum peel and tab peel tests (Table
V-4) show that there are no significant differences between ceram-
ics and brazes on eachtest or betweentests. This would indi-
cate that both tests are performing their functionnearly identically.

b. Metalizing Braze Seals - Alumina

Significant information was obtained from the study of tungsten-
rare earth metalizing paints although these metalizings ulti-
mately proved to have low adhesion values and were subject to
solution by the nickel braze alloys.

The tungsten paints described at the bottom of Table V-6 were
developed to capitalize on the inherent resistance of calcia,
alumina and the rare earth oxides to attack by most alkali
metals. Because these stable oxides have high melting and
sintering temperatures, a more refractory metal component
than molybdenum was considered to avoid the effects of over-
sintering of the metal.
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TABLE V-1, Ceramic Modulus of Rupture Test Daia

Standard
No. Mean Deviation Coefficient
of M-of-R M-of-R of Variation
Ceramic* |Condition |Tests (psi) (psi) (percent)
AL300 As received| 6 33, 400 1610 4,8
AL300 Treatment 4 36, 400 1360 3.1
1
Treatment 4 42, 800 3820 9.0
2
AD9%4 As received{ 5 42,940 4080 9.5
AD9%4 Treatment 4 46, 000 1700 3.7
1
Treatment 4 46, 200 1400 3.0
2
Thermalox|As received| 6 20, 600 1130 5.5
998

*See page 135 for composition.

Treatment 1:

Treatment 2:

Firing sequence same as sintering and brazing

treatments for CuAgbraze: 2600°F/Wet Hy+N,,

1650°F/Wet Hy+Ny, then 1500°F/Wet Hy

Firing sequence same as sintering and brazing

treatments for Alloy 52 Ni braze: 2600°F/Wet
Ho+Ny, 1560°F/Dry Hg, then 1850°F/Vacuum

Tensile strength as reported by manufacturer.

AL300

AD94

Thermalox
998

27000 psi
26000 psi

15700 psi

(Reference: NAS3-4162)
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TABLE V-2, Effect of Surface Preparation on Ceramic-Metal
Modulus of Rupture Assemblies

Standard
No. Mean Deviation Coefficient
of M-of-R M-of-R of Variation

Samples Tests (psi) (psi) (percent)
Preparation 1 4 20, 120 9, 400 46. 8
Preparation 2 4 13,520 8, 300 61.4
Preparation 3 3 23, 380 4, 300 18. 4
Preparation 4 3 24,210 12,120 50.1

Surface Preparation

1, Trimmed only: Excess metal trimmed sufficiently
for sample to fit test jig.

2. Trimmed and cleaned: Metal trimmed and excess
braze removed:

3. Minimum grinding: Trimmed, cleaned and bearing
surfaces ground smooth and flat.

4, Maximum grinding: Trimmed, cleaned and all sur-
faces ground flat and square.

All samples AD94 brazed to AL300 with 72 Ag-28Cu braze filler,

nickel plated Kovar metal member, nickel plate on Eitel-McCullough
20A metalizing.

(Reference NAS3-4162)
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Initial tests with copper braze indicated the tungsten metalize
paints to have promise (Second Quarterly Report WAED 64, 14E
Table V-5). Subsequent less promising results with Coast Al-
loy 52 braze are shown in Table V-5. The final series of tests
showed the paints to have insufficient adherence to high alum-
ina ceramics. This is indicated by the sheared metalize,
Figure V-6. The brittle sintered metalize did not withstand
the stresses imposed by the electroplated iron-barrier layer.
A cross-section of a W-12 paint on Ei-3-3 brazed with Ni
base braze alloy (Coast Alloy 52) to a columbium metal mem-
ber shows that shearing of the metalizing occurs at the tung-
sten to calcia-alumina glassy-phase interface. In this partic-
ular case, the shearing probably occurred during the polish-~
ing operation. A sample of 20A metalizing on AD94 (4% Si0,)
ceramic with Coast Alloy 52 braze and a columbium metal
member which received an identical brazing and polishing
schedule showed no shearing. Obviously, further work with
the silica-free metalizings must involve the promotion of
better bonding between the tungsten and the non-metallic phases.
Photomicrographs of these two systems are shown in Figures
V-7 (a) and V-7 (b).

In general, increasing the percentage of non-metallics in the
tungsten paints to 15% (W-11 through W-15) resulted in suf-
ficient glassy-phase being produced (see Figure V-7 (b));
however, it may be noted that the tungsten metalizing is still
somewhat porous., Apparently a high contact angle between

the glassy~phase and the tungsten prevents complete penetra-
tion of the porous sintered tungsten. This explains why sinter-
ing temperatures of 3300°F or higher are necessary in spite of
the fact that melting occurs at 2600°F in the CaO-Al5O3 system.
The metalizing system must rely on solid-state, self sintering
of the tungsten to occur rather than non-reactive liquid-solid
sintering of a calcia-alumina-tungsten system. It appears

that further work on tungsten metalizing systems should in-
volve contact angle studies of potential non-metallic metalizing
additions on tungsten plaques, and detailed microscopic exam-
ination of the metalizing interface over a variety of processing
conditions. The study of paints W-11 through W-15 has re-
solved the apparent conflict of results obtained for the tungsten-
yttria type of paint at Eitel-McCullough, and by Stoddard and
Cowan at the Los Alamos Scientific Laboratory. The Second
Quarterly Report WAED 64. 14E, Table V-5 and work pro-
grammed during the third quarter shows that vacuum tight
seals in all the systems W-11 through W-15 can be made using
AD-99 ceramic, with iron barrier layer, and Coast Alloy 52
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TABLE V-5. Leak Test Results - Tungsten Series Paints

Ceramic-Metal Brazed ASTM, CLM-15 As-

semblies
AD-99 Ei3-3
Alumina Alumina
Metalize Kovar Cb(1%Zr)
Paint Cb Washer Washer Washer
W-11M LKR LKR LKR(@)
W-12M VT LKR LKR
W-13M VT VT LKR
W-14M LKR VT LKR
W-15M LKR VT LKR
Legend:
VT: Leak rate less than 10~9 Torr-liter per sec.
LKR: Leak rate greater than above

(a)

All paints sintered 1/2-hour at 3045°F in forming gas
(75%Ng, 25%H3)(70°F dewpoint). See Table V-6 for
metalizing paint formulations.

All assemblies brazed with Coast Metals 52 braze (3B-4.5
Si-0. 15C, Bal Ni): brazed at 1850°F without holding time
at temperature.

Metallographic examination of similar samples showed
that the nickel braze alloy penetrated the iron barrier
and attacked the metalize.

(Reference: NAS3-4162)
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FIGURE V-6.

Iron Plated Tungsten Metalize Paints on Alumina

CLM-15 pieces. Note that the tungsten metalize

has sheared off quite clean from the ceramic in
some areas.
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FIGURE V-7(a). W-12 Metalizing on Ei-3-3 Ceramic (600X)
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FIGURE V-17(b). 20A Metalizing on AD-94 Ceramic (600X)
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braze to either columbium or Kovar metal members. The
SiO9 (0. 4%) present as the glassy-phase in the AD-99 is
evidently sufficient to promote adequate bonding between

the sintered tungsten sponge and the reacted non-metallic
phases of the ceramic and the W-11 through W-15 series of
paints. Recent work by Stoddard and Cowan shows about 0. 1%
silica to be present in their W-Y903 metalizing systemsz.

At this time, therefore, it appears that silica free metaliz-
ing systems (SiOy { 0.03%) are only suitable for use injoints
where stresses are at a minimum or are non-existent.

It should be noted that all of the nickel-base braze alloy
samples (Alloy 52) on 20A metalizing using Al-300 or AD-94
ceramic and brazed to a columbium-1%Zr metal member in
the correlation study were also leakers. These systems have
been vacuum tight in the past. It is believed that the brazing
cycle and a deficient iron barrier is the cause of the present
difficulty. Specifically, the iron barrier layer is apt to be-
come highly stressed if non-optimum plating conditions are
used. This difficulty may be circumvented by applying the
coating as a paint and firing this layer of iron or iron oxide
onto the metalizing in dry hydrogen. The brazed Ei-3-3
ceramic pieces reported as leakers in Table V-5 were sec-
tioned and studied metallographically to determine the cause
of failure. Valuable information on the reason for metalize
braze failures was observed. In numerous regions, the iron
barrier plate over the Cb-1%Zr washer was penetrated by the
nickel braze alloy and extensive solution of the Cb-1%Zr metal
by the nickel followed. The metalizing layer was effectively
destroyed opposite these regions of extensive solution, causing
braze-ceramic interfaces of poor adherence (Figure V-8). The
metallurgical structures indicated that solution of the Cb-1%2Zr
alloy by the nickel braze markedly lowers the melting point of
the braze alloy and increases the activity of the braze alloy at
the ambient brazing temperature.

Figure V-9 shows a crack in the braze alloy which occurred
due to thermal stress in a region of high solution of the Ch-
1%Zr by the nickel.

2"Tungsten Metalizing Alumina - Yttria Ceramics' presented at the 66th

meeting of the American Ceramic Society, Chicago, Ill. April 22, 1964.
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FIGURE V-8. Photomicrographs showing the solution
of the columbium-1% zirconium and the
attack on the tungsten metalize after pen-
etration of the iron barrier by the nickel

braze alloy. (200X)
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FIGURE V-9. Photomicrograph showing a crack in the braze
region; such defects seem to be associated with
excessive solution of the columbium-19% zircon-
ium metal by the nickel braze material. (X200)
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Although attack of the metalize and cracks in the braze

layer are both undesirable effects, they are both indica-

tive of reduced melting point and thermodynamic free energy.
Conceivably, a more desirable brazing alloy can be formu-
lated in the columbium-nickel system which will allow lower
brazing temperature and lower thermal stress in the joint.

Two other approaches may be used to improve the charac-
teristics of metalizing braze systems which utilize thermo-
dynamically stable oxides in the metalizing layer: (1) use
the more ductile molybdenum metal and control the degree
of sintering by particle size control and (2) improve the iron
barrier layer plating techniques to reduce or eliminate pene-
tration by the nickel alloy during brazing.

c. Metalizing Braze Seals - Beryllia

A program to study the effect of sintering temperature on
tungsten metalize coatings which were painted on 99. 8%
beryllia (Brush body Thermolox 998) was completed. The
scratch hardness and electrical resistivity data are shown
in Table V-6. The coatings did not develop the hardness
and conductivity comparable with the standard 20A metalize
until sintered at 3300°F, This sintering temperature is ap-
proximately 200°F higher than the normal firing temperature
for the beryllia ceramic. The use of the high-sintering
temperature caused some of the beryllia pieces to check and
warp.

Tensile-test, and peel-test data derived from the CLM-15
beryllia samples are shown in Table V-7, The joints were
weak because of poor adherence between the metalize paint
and the ceramic. Two braze systems were used in this
evaluation; copper-silver braze to nickel plated Kovar for
the drum peel test samples, and copper braze to copper-
nickel for the tensile test samples. Both braze systems are
known to cause relatively low thermal stress and provide

a reliable means for determining the adherence of metalized
coatings.

The tensile test samples reported in Table V-7 were leak
checked prior to destruction but the vacuum checks were in-
conclusive because the samples were checked and warped by
the metalize sinter treatment. In spite of the checked appear-
ance of the beryllia bodies, both samples brazed with W-13M
paint and one sample with W-14M paint were leak tight, In
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TABLE V-7. Evaluation of Metalize and Braze on
99. 8% Beryllia Bodies

Metalize Braze Tensile Drum Peel

Paint System Strength (psi) Test (lb)
w-11M CuAg 1.7
wW-11M Cu 850

W-12M CuAg 5, T*
W-12M Cu 1,120

W-13M CuAg 2,6%*
W-13M Cu 2,000

W-14M CuAg 1.5
W-14M Cu 1,200

W-15M CuAg 2, 4%
W-15M Cu 300*

*Single test value; all others are average of two tests.
Braze System:

CuAg: 72Ag-28Cu eutectic braze alloy, nickel-plated kovar metal
member, and nickel plate on metalize.

Cu: éopper braze; 70 Cu-30Ni metal member and copper plate
on metalize

Metalize Paint: See Table V-6 for compositions.

(Reference: NAS3-4162)
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general, the tungsten and rare earth oxide metalize paints
with beryllia evaluated on this program exhibited low strengths
and work has been discontinued in favor of the more promising
active alloy sealing systems.

d. Active Metal Brazes

The active inetal brazes which will be studied in this program
are shown in Tablc V-8.

The active metal braze alloys were made by Battelle Mem-
orial Institute by inert-electrode, arc melting. High-purity
materials such as crystal-bar zirconium and titanium,
electron-beam melted columbium, and Pechiney flake beryllium

were used in all melts. Alloy buttons were comminuted using
a diamond mortar.

To date, nine active alloys have been received from Battelle.
Two brazing cycles on different alloys have been made.

The evaluation procedure is as follows: the dry pulverized
braze alloy as received from Battelle is wetted with methacrylate
lacquer. In the BeO modulus of rupture samples the braze is
added directly to the interface region on both sides of the Cb-
1%Zr metal member. The joint is closed by movement of the
weighted top piece after the braze alloy melts. In the alumina
ASTM CLM-15 samples the braze alloy is added to the lower
interface; the upper interface is prepared by adding the braze
alloy to the metal member outside the joint and allowing sur-
face wetting reactions and capillary action to move the braze
alloy through the joint.

Evaluation of BeO ceramic-metal joints will include vacuum
leak determinations on cylinder geometries. The five most
promising alloys will be selected based on joint integrity
and modulus of rupture tests.

e. Thin Film Metalizing

Promising results were obtained with test joints prepared by

using evaporated metal films to secure wettable ceramic sur-
faces. The use of evaporated coatings on ceramics with
nickel-braze alloy resulted in seals which leaked due to at-
tack of the braze material on the thin molybdenum through
the barrier layer, but the use of evaporated coatings to pro-
mote ceramic wetting by active alloys is very encouraging.
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Relatively thick, evaporated molybdenum coatings were _
prepared to aid the wetting of alumina by active metal braze
materials. A sectioned CLM-15 tensile test assembly

which illustrates the additional braze flow obtainable is shown
in Figure V-10, The bottom AD99 ceramic piece was evapora-
tion metalized with less than one micron of titanium and less
than one micron thick molybdenum; the other ceramic piece
was not metalized. The 19Cb-75Zr-6Be braze alloy was
placed on the outside of the Cb-1%Zr metal member. The
assembly was brazed at 1910°F (no holding time) in a vacuum
of better than 5 x 10-5 torr. The braze alloy moved through
the joint forming a satisfactory fillet on the inside of the
metalized ceramic. A similar sample had a tensile strength
in excess of 10,000 psi.

Other alkali metal resistant metalizing compositions may
show similar usefulness.

f. Electroformed Seals

Two samples of metalized AD94 ceramic were joined to a
columbium washer by electroforming in a low-stress nickel
sulphamate bath, Both seals were vacuum tight.

The first electroformed seal was designed as shown in Figure
V-11. Difficulty was encountered in building up a nickel de-
posit of desirable thickness in the root region because of the
limited throwing power of the plating bath. Although the nickel
plate in the critical root region was only a few thousands thick,
the seal was leak tight. The sample was tensile tested but
proved to be very low in strength.

The second sample was designed to eliminate the necessity of
plating nickel in a deep groove and is shown in Figure V-12.
The ends of the AD94 alumina pieces were metalized and

butted against the columbium washer. A small fillet of graphite
powder was applied between the columbium washer and the
metalized ceramic to assure a continuous electrical field at the
joint. This sample was also leak tight.

Seals formed in this manner are too weak for use in load bear-
ing structures.
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FIGURE V-10.

Section Through a CLM-15 Test Sample With a
Cb- Zr-Be Active Metal Braze Between AD-99
Ceramic and Cb-1Zr. The bottom sample was
evaporation metalized. Superior wetting of this
sample is indicated by the smooth inside fillets
of braze metal not present on the upper unmet-
alized ceramic joint. (2X)
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FIGURE V-11. Idealized Geometry of First Electroform Seal
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FIGURE V-12. Aluminato Columbium-1% Zirconium Seal

Joined by Electroforming a Sheath in a Sul-
phamate Nickel Bath.
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Potassium Exposure Testing

a. Preparation of Samples

The first capsule loading for 1600°F potassium vapor ex-
posure will be carried out as outlined in the Second Quarterly
Report WAED64. 14E with no significant changes. The ven-
dor's analysis of the potassium is shown in Figure V-9. Five
ceramic materials and one braze system will be tested.

The distribution of samples is given in Table V-10. The
ceramic M-of-R test samples all consist of 0. 100 to 0.110
inch rectangular cross section bars except sapphire which is
0. 100 inch circular cross section. AD99 is therefore repre-
sented with both round and rectangular bars to permit the neces-
sary geometry correlation.

All samples prior to brazing or testing will be given an ultra-
sonic cleaning in detergent followed by a cleaning fire at 2600°F
or over in 25% Hg-75% Ng, 100°F dewpoint gas.

All samples will be then identified by a notch code, weighed
and stored in clean containers until loaded into capsules. The
brazed ceramic-to-metal assemblies will be treated in a sim-
ilar manner after the vacuum brazing operation and brazefillet
removal on the M-of-R and tab-peel test geometries.

Conclusions

1, Correlation test data indicate the modulus of rupture
and tab peel assemblies to be capable of resolving
test variables as readily as the CLM-15 tensile test
and drum peel test assemblies. The modulus of rupture
bar has an added advantage in allowing both the ceramic
and ceramic-to-metal seal to be evaluated separately.
A tentative set of test comparison conversion factors
has been determined which will be improved as additional
data is compiled.

2. Work on tungsten base metalizing paints with thermo-

dynamically stable secondary phases has shown such
compositions to be excessively brittle after sintering,

3. The susceptibility of the thin, molybdenum film metal-
izing to solution by the nickel braze through imperfec-
tions in the iron barrier layer has redirected the inter-
est in this approach toward the use of thin metalizing as
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a wetting aid for active-alloy brazes to ceramic bodies.
A test assembly, made in this manner, had unusually

high strength.

TABLE V-9. Analysis of Potassium and NaK

Supplied by Mine Safety Research Appliance Corp.
(High Purity Drum #278)

Potassium

Element Analysis (ppm) Element Analysis (ppm)
Ti <5 Ni <1
Fe 5 Mo <5
B <5 A" <1
Co <5 Ca 4
Mn <1 Ba <3
Al 3 Sr <1
Mg <1 Be <1
Sn <1 Zr <10
Cu <1 Ag <1
Pb <1 N <10*
Cr <1 C 49*
Si 10 (o) 10*
Na 3

*Analysis by emission spectrograph except those marked by asterisk
which were separated by mercury amalgamation prior to analysis.
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SECTION VI

PROGRAM

A. OVERALL PROGRAM PLAN,

This program represents a 12-month effort ending the latter part of
August 1964, with additional reporting and publication time. The first
quarterly report (WAED 63. 16E) presented a summary of the suggested
materials for use in advanced space electric power systems. It also
discussed the gaps in the properties and identified the test program
areas which were planned for filling these deficiencies. The second
quarterly report (WAED 64. 14E) presented initial test results.

Figure VI-1 shows the program scheduling. The Westinghouse Aerospace
Electrical Division is acting as the prime contractor and is being assisted
by the Westinghouse Research and Development Center. The Eitel-

McCullough Corporation is a subcontractor and is supporting the bore
seal analysis.

B. FOURTH QUARTER PLAN.

This quarter's effort will conclude the test program. Three topical and
final reports will be issued summarizing the work accomplished. The
following summarizes the effort planned:

1. Magnetic, Electrical Conductor, and Insulation Materials

Tests on all classes of materials will be completed. These will
include aging, mechanical, electrical, magnetic and thermo-

physical tests. The program will follow the detail test plan ap-
proved earlier,
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2. Bore Seal Materials

Alumina and beryllia active-metal seals to columbium - 1% zir-
conium and columbium D-43 alloy will be prepared and the evalu-
ation of these seals before and after exposure to alkali metal
vapors will be completed.

Ten active alloy brazes will be screened using alumina and beryllia.
The best five will be selected and fabricated into modulus of rupture
and leak-test assemblies.

From this group, three of the most promising will be chosen for
alkali metal compatibility testing. Brazed samples will also be
tested in an evacuated capsule to determine the effect of elevated
temperatures on joint integrity.
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